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PREFACE. 



THE fmall Volume, ivhich I nonju offer to the 
^ublic, is one of humlfle pretenjions : yet^ its plan and ob' 
'.^s appear to me fufficiently diftinei, from thofe of every 
*her compendium of chemiftry-, to authorize the addition 
^ one more to the extenfi<ve liji of elementary muorks^ The 
' Chemical Pocket Book" * of Mr. Parkinfon, and the 
' Defcription of a Portable Cheji of Chemijlry ^^'* tran* 
at id from the German of Got t ling, and publijhed in the 
mr 1 79 1 > flight, perhaps, from the fimilarities of title 
nd Ji%e, be fuppofed to ha-ve precluded the necejjity of 
his publication. A <very curfory comparifon, hcweverf 
fMr. Parkinfon*s *work, fwith this manual, fwill e*vince 
hat the plan and objeHs of the tivo books are totally dif 
'.rent. To the <work of Mr, Gottling^ the prefent bears, 
ndeedy a nearer refemblance, but the coincidence is not 
'4ch, as tofuperfede the utility of this Epitome, The enu- 
teration of tefis for mineral 'paters ; the inftruSiions for 
pplying thefe re- agents ; and the rules for dete&i^ig aduU 
erations, are fubjeSis common to both. But the progrefs 
f Chemical knouoUdge, * during the lafi ten years, has 



* This Work may be bad of the Printer hereof y emheltifhtd 
'iiith Plates of oeconomical Laboratories f Sff. 6ff* 
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been fo r^ipidy as to enahle me t0 make numerous additiom 
10 the wftrmation of Mr. Goiiling ; and to induce me mtL' 
terially to njary the arrangement ^ under njohich it avas of' 
fered. It ?nay be added, that the ancient Nomenclature oj 
chemijlryj employed throughout Mr, Gottling's nvork^ mufi 
render it nearly unintelligible to Jludents of the reformed 
fyftem* 

The arranged feries of experiments ivas fuggefed to m 
as proper for publication by a luritten catalogue, 'which 
J drew upt more than t-ivo years ago, of the experimenti 
performed during my courfe of chemical le£lures, This 1 
deem it neceffary to Jlate ; heeaufe fomething fimilar is /# 
be found in an excellent manual , lately publijhed by BouiU 
Ion la Grange, 

In a lAjork, profeffedly compiled from others, ne<w and 
crighial information is not to be exptSted ; and it cannot 
be neceffary to quote all the authorities for faSis, If then 
be any one author, to ijuhom I o^we mojl^ it is certainly t$ 
Mr, Kirivan, luhofe interefiing and majierly ^vorks com* 
prehaid almoji e<very fubjeSl of chemical enquiry . Th 
directions for analyzing minerals are tranjlated, iviti 
confidirable additions and alterations, Jrcm Vauquelin^t 
paper, in the ^Oth volume of the Annciles de Chimie, 

I hanje noiu only to intreat the candid indulgence of tin 
reader ioiuards the errors and omijjions ^uuhich <will doubt' 
lefs be found in this loork ; and in apology for n.vhich, 1 
have to allege, that on undertaking the publication, I kai 
a^rofpeSi of conftderably more leifure, than fell to my lot 
in the profecution of it. This apology, I am under tht 
necefftty of prefixing, alfo, to this fecond edition ; the ra^ 
pidfaie of the firjl having allovued me no time for mate* 
rial alterations, and having limited me to a fevt verbal 
correSiions, 

MANCHESTER) 

June 26, i8ox. 
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EPITOME OF CHEMISTRY. 



PART I, 



SECTION I. 



Ad'vice to Perfqns nvho are entering on the Study of 

Chemijiry* 

THE few fuggeftions which I am about to offer, 
are addreffed peculiarly to thofe who have not 
the opportunity of attending chemical ledures ; and 
who have no means of acquiring a knowledge of che- 
millry, except from books, and from the evidence of 
experiments. 

The principal difficulty, experienced by all, who em- 
bark in a fcientific purfuit, unaided by the advice of an 
int'truflor, is the atainment of the beft adapted books. 
In Ch:miftry, fcn-iunately, this difficulty is limited to 
feledlion only : For we have, in the Englifh language, 
many elementary works, both original and tranflatcd, 
of gieat merit. I (hall, at prcfent, however, confine 
myfelf to the mention of very few ; of fuch only as are 
fufficient to convey, to aperfon of tolerable underftand- 
ing and competent edacatit n, a general acquaintance 
with chemical fcience ; and I (hall afierward fubjoin a 
lift of other books, necef&ry to thofe, who intend to 
purfuc the ftudy more extenfively. 

Of all the introdudtory treatifes on Chemiflry, that 
of Mr. Lavoifier is certainly the one, from which a 
pcrfon, entering, for the firftiime, on this ftudy, will 
derive moft plejtfare and advantage • T\vt ^\^ ^^.'^x. ^^ 
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nrlr. eomprctien^ing the mare gea 
of Chtmilliy. flwuld be perured with i 
citiirly un(!crl1iK<(l, btfore [he nader prtxeeil 
tW. U may even, be ncci-ffirj', ih 
t)>«rnn<iiid(r«f ihU watt, he Ihoald Itady e 
meiiMry book), fiic'i aa ihofe of Chaptal, Foorcn 
tnd Nicholfon. Thefe works wiil fupply the dcficie 
titt of Lav.iilier'i Elements, efpeciall^ on ihe Tubji 
nf chemical «IHi>Uy, ihediviTions and lat*s of which i 
flOVtilnl \Q bo km wn, as the ground work of all di 
mlril cxplaiutions. After having rnide himfelfiti 
of the nv'te genewl initlis of Chetnillry, as delivei 
la ihe tiiH pacttif Liivoi(ier's, and i:i the iirft volui 
(>f C)i.ptitl% Elemeiiw. and ajfo of the prindpjw 
Ihti NMvN»inciicUiui'e, the Sudcnt will be qualified 
leap aJvattiige fr.im ttie performance of experimcD 
III toj)e<iliiik; liicfe. he may eillier follow the oriler wbE 
I Ihall pufently point out j or he may aiTume, 
hafit tti h"n Atranj^emenc, the general propofitior 
ilasvii bv Chaninl nt Foorcroy ; refrrring to (he folitfi 
inKSe^'tion, fjr more tninaie and fpecificdireftioai^ 
III (tic condoCling of eitpcriiiiciitf, I would recH 
ini:t»l prcat aimntion to NcaineCb and to Order. £ 
"dry j*f or phial hive a label 6«ti to it, denotingl 
fnliltflncci it mny cuniain, (except in cafes, whers j 
U^ft (if (h» c>i>Ui>t» II evident frotn mere inrpeflia 
~'f 4lll4ait'1 object of ihe experiment. I WIM 
^ lh« ftttiient. not to engage in many diffeK 
Hilin «t ancv I the confojiieiices of which ai 
Itltttnllon 1> diltdCUJi and that many interll 
Ml fiafl unnoiicc^t. It will contribmo to fa 
t Rf Accurate vblcrvaiion, if the appearant.— 
nT tn ei(p«nineiit», be rei:utarly and diftinfi 
VWn I and luvh an cxerctfc will tend, alfo, 
I TlkB iciiniieinenc of the art of defcribing ch 
'nn>«na, 10 do svhkh, with fdedion and pi 
hr ffum betn^> aii univer£il talent. 
WAft an aiieiiiion to neatnefi, hi>weTer, I « 
[fKommen.Ung • fiivoloui regard to i 



pparaius. With the 



iceiy about (he appenrante of | 
^^ 1 merely of Flfioncq fljftj, of 1 

jmrnon phials, and t>f wine-glHflei, fome of the "■ "■ ■ 
iieiedifig and ^!(E(^i\ experiments ofiy he n^ade : 
coDVerdng ihefe vefTcIs lo ihe.parpufe of snparatutt 

.^^CJ LI- J".,„^_™ _C --- ''* -> - 



confidcfable faving of expcnt 



i|iei(nienialift 



will I 



cfue 10 ll^?^ 



SECTION II. 

(r ammgetl Striis ej Exfrriminlt, lukich Jhealdf ti- 
thtr •wholly or iu p«a-t^ ht frrfirmtd by tbt Studtnt 
tf Chmiftry. 

IN thefeleflion of rhefe experiments, liliall^ene- 
I'lychule luch as may be iindetulten by perfons not 
QSefTed of »n exienfive chemical apparaius. On fomc 

:«fions, hi wever, ii may be nece,irary, in order tO 
Iimplcie il e lenes, ih^i oiheis ilr>)u1ii be includeii, re- 
iiiring, for their reFf:rniance, inlliumenis of Cblifi- 
crable nicety. The lame evpenment mav,' perhaps, 
:> a few irfUnces, be repeatedly init duced, iri illuf- 
'Slion of different principles; but [his repetition will 
c avoiJed as much as poGible. E^ch expermienl will 
B preceded by a hiief enunciation o( the general truth 
'hich it is intended to illullrate. 

Art. I. Chmical Affinity, Solalhn. i^e. 

For Uiefe experiments, a few wine glafTes, or in 
refetence, deep ale-glafle«, w)ll be requited, and a 
Joretue ilafk for pertorming the (dilutions. 

I. Seme btJici hii-ue so tijiai'y Jur each ethtr. Oil 
Dd water, or mercury and water, when Ihaken toge- 

■ Fn: a tainr>l'-at Erconomicnl Appsraiua, th^t maj 
W^fi^a frw ftiiilingj, fee DoOnr Woddmo---'- — - 
li.J'UUitclrhM cdiljnn Bf P^rkinfon's ChcTi 
tbllAcd by Ihc Prinlci hetejf, and which, n 




. io 001 cDnbihfl, the oil or water always rifiml 

liiefurface, and ihc mercary finking lo ihc botiom. 

2. Examplei e/ Solulien. Sugar, rr cooimon f»lt,I( 
water; chalk in dilute mnriaiic acid." 

_ 3. hfiumu if Taechamta! diivijien in promesiu^tht til 
thn tfthtrnkal effniiy, or i>t fa-vsuring/oluticn. LonJ 
of chalk or man te dilTolie much more fluwly in diloi 
liinnatic acid, ihsn equal weight, of the fameboda 
ill powder. In the common am of life, ihe ratpi'igo 
grinding of wood, and other fubttanccs, are ramilti 
examples 

4. H'tt lijvidi are mere po^-erful filvtitu ihau f._ 
M(/ To four ounces menfure of^wiier, at the tempe 
raiuie of i^e«tmorphere, add three ounces of fulpba'i 
ot foda in powder. OAy part <if the I'alt will be dit 
(clved, even after being agiiaied fome lime, Appk 
heat; and the whole of ihe fait will difnppear. Wbei 
the Nquor cools, a portion of fall will leparate agu 
ID a regular form. Thie Uft appearance aiFords aii id 
■ftai ce cf (htyfialliuMtkn. 

5 J 'vtry minaU di-vlfioii of hdUs is cffiSiJ fy fi 
/uiien. Diflblve two gtains of fulphaie of iron in 1 
ijuart of water, and add a few drops of this folmion » 
a wine-glafs full'ofwaier, into Which a few drop* a 
tinflure of galls have been fallen. The dilnie itifufio 
of galls will fpeedily aiTi.me a pu.plift hue. Thii (hew 
that every drop of the quart of water in which ihetfu] 
phsie of ir"n was diffulved, toniains a notable poriio 
ofthefblt. 

6. Same iediti difet've much more riadily and copisai 
than ethtrs. Thus an ounce ineafure of difiilled wat^ 
•will difiblve ore third in weight of fulphate ot fod» 
onelixicenth of fulphiite ot pol-afh ; and otily one fi^ 
hundredth its weight of fulp^aie of lime. 

7. Mecbanual agitation /anlitatti Jihitiim. Intrt 1 
wine-glafs (oil of water, tinned blue with the inf 

1'^ -Vmi»\V"r>^Ji tb&WM4imi.k«twMftJoUtlM)«o 



of litmus, let fall a fmall lump of folid tartarons acid. 
The acid, if left at reft, even during lome hours, will 
only change to red that portion of the inlufioT , wiiich 
is in immediate coi*ta£t w th it. Stir the liqu r, and 
the whole will immediately bee me red. 

8 . Bodies do not aS on each other, unlefs either one or 
both he in a ftate of Jolution, A. Mix l^me diy acid 
of tartar with dry carb nate of pot-aih. No comb na- 
tion will enfue till water isadde^ which, adiini; the 
part of a fulvent, promotes the uni 'n ot the acid and 
alkali, as appears from (he violent efferveicence. 

B. S^ read thinly on a piece ot tiniuii, three or f ur 
inches fquare, fome v-ry n'traieof copper,* a d wrap it 
up. No etteft will follow* Unfo'd the tinfo 1, ai.d Ha- 
ving fprinkled the nitia:e of copper wih very littie wa- 
ter, wrap it up again as quickly as pofTible, pit Hi g 
down tl e edr.es clofcly. Confiderable 1 eat at.ei»».Itd 
with fumes will now be excited ; and if the experiment 
has been dexteroufly ma* aged, even ligit wiil be e- 
volved. This (hews that nitrate of copper haS ik: acti- 
on on tin, ii41 in a ftate of folution. 

9. Touo hodies, halving no affinity far each ether, «- 
nite by the inter'vention of a third. Thus, the oil aiij 
water, which, in experiment 1 ft, could not. bya^^iia- 
ti'>n, be brought itJto union, unue iniiinateiy < n aJc ing 
a little fluti'on of cauftic potafti. The alcali, in this 
cafe, adls as an intermedium. 

10. Saturation illujirated. Water, after having la- 
ken up as much common fait as it can diftblve, is laid 
to be faturated with ialt. Muriatic acid, when it has 
ceafed to aft any longer on lime, is laid to be iaturated. 

1 1 . ^he properties, charatieriviing hodies nuhen fepa- 
rate, are deftroyed, by chemical combination. Thus mu- 
riatic acid and lime, which, in a ieparate ftate, have 

* To prepare nitrate of copper, dliTolve the filings or turnings 
of that metal in a mixture of one part nitrous acid, and ihree 
parts water; decant the liquor, when it hds ceafed toemit fu'nes j 
and evaporate it to drynefs in a copper or earthen diih. Iht dry 
mafs muft be kept In a bottle. 

£2 
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Itc uAe, lofe ihii entirely, tvlieii mn- 
ta*[ly rainraiedi ihe coDpound is extremely Iblublt. 
though lime iilelf is very difficMlt of fuluiion ; the >• 
cid (Ui longer teddcns lyrnp uf viuleis ; nor does the 
Ijme change it, as bt fore, lo green. 

It. Simflt tU&ii/i ujginiiy illuflratid. (A) Add 10 
fbe cumbinaiionul oil Willi -alcdi, formed in expt. Qlh, 
a little dilute (ulphuric acid. The acid will feiae the 
alcali, and fet the oil at liberty, which will rife to liw 
top. In this idliance, llic affinity of alcali for aeiil ii 
greater tlian iliat of atcali for oil. (B) To a dilntt 
ii>l..n.>ii ol muriate of lime, (prepared in expt. id.) 
add a little of the Ibluiion d( pure pnt-alh. The pot- 
alh will feize the muriatic ^cld. and the lime wilt fall 

down, m he prttipitalid. 

13. Double eUai-vi acuity txtmfiificd. In a wate- 
ry liilution nf lulphaie □! zinc, immerte s thin (hcQ; 
of lead. Tlie lead nilj remain unaltered, as will, al" 
{b, the fulphate of zinc ; becaufe zinc aitrafis fblphn> 
Tic acid more ftrongly than lead. But lei acetite of 
lead be mixed with fujphatc of zinc, the lead willlhMt 
go over to the fulphutic acid, while ilie zinc palTes la 
ihc 3CC10US. The fulphaic of lead, being iniblublet 
will fall Hown in the lti>le of a while powder; but ttw 
acetite of zinc will remain in foluiion. The cha _ 
that occur in this experiment, will be belter under* 
Hood frum the following fcbeme, 

Acetite of Zinc. 



iCetitQ 

of 

Lead. 



Sulphate f Zinc and Acetous acid 1 Accti 

of Zinc \ }. of 

(o'nijftingof I Sulphc. acid and lead. \ X,ea< 

Sulphate of Lead. 

Fot an explanation of thefe diigramc, wh 
dent will find it highly ufeful to undcrfiand, 
Bergmao'a Treaiife on Eleftife Aiiraflions 



J 
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^ R T . II. Properties and EffeSs of the Matter of Heat, 

or Caloric* 

EfFefls of Caloric of Temperature^ or uncombined 
i^aloric. 

I . Caloric expands all bodies » (A) The expanfion 
»f liqaids is (hown by that of the mercury of a thermo- 
neter. (B) That of aeriform bodies, by holding near 
;he fire, a bladder partly filled with air, the neck 
dF which is clofely tied, fo as to prevent the encloled air 
from efcaping. The bladder will foon be fully diHend- 
ed, and may even be burft by continuing and encreafing 
the heat. (C) The expanfion of folids is ihewn, by 
heating a rod of iron, of fuch a length as to be inclu- 
ded, when cold, between two points, and the diameter 
of which is fuch, as to allow it to pafs through an iron 
ring. When heated, it will have become fenfibly long- 
er ; and will be found incapable of pafling "through the 
ring. 

All the above bodies return again, on cooling, to 
their former dimenfions. 

2 . ConfiruQion of the Tjarmomeier founded on the prin- 
ciple of expanfion. For an excellent account of the me- 
thod of conftruding thermometers, which is too long to 
be inferted in this place, fee Nlcholfon's Principles of 
Chemiftry, book ift, chapter 3d. 

3 . Equal increments or decrements of heat produce equal 
increments or decrements of expanfion in the mercury (f the 
thermometer, Rfix a pound of water, at 172°, with a 
pound at 32^. Half the excefs of the.uncombincd Ca- 
loric, in the hot water, will pafs to the colder portion ; 
that is, the hot water will be cooled 70^, and the cold 

• I omit giving a conne^ed ferles of experiments on Light, bc- 
caufe the effedls produced by this agent, are, generally fpeaking, 
more complicated than thofe of Caloric. Thus, for example, the 
a^on of light frequently depends on its property of deoxidating 
bodies; and facts of this kind cannot be underftood, without a0 
acquaintance with the clafs of metallic oxyds. In the progrefs of 
this fedion, however, many inftfiDCCS will be given of the cbeini' 
ctl efficiency of Light. 



will receive 70° of lemperaiure ; therefore, 17a— 
"" 3i + ro-= '02. *i'l give ihe heat of the mixiurc. Ts 

idin .ue atnhuii.'Uc»i mean, exaJ^ly. (evcral ptfMU* 
tigns, however, mull be obierved. [See CrawlbrdM 
Antmat Heat, p. 95, ic.) 

4, Uncamhiaid Calarif hai a lindtncy fa an t^uilibrit*. 
Any nuBiberof diiFcrcni baJies, ai variom temperaiufB, 
if placed under fimilaf circuroftances o( expolufe, all st- 
quire a common temperature, Thus, \i in an atoiof- 

Etiere at 60", wo place iron fillings heated (o rsdneftt 
oiling water j and various other bodies of differmt 
temperatures, they will loon aifefl the thermometer il 
the lame degree. 

5. Fivjir inbereaS in bodies ef canduiling Cahric\ W 
the csnduil'ag poiuer 'various in diffetcm bodies. 

(A) Suliil bodies convey heat in all direaions, op. 
wards, downwards, and laterally; as may be Qiewt 
by heating one enJ of an iron rud, and holding 
diiTcrent direaions. 

(B) Soms bodies condjft caloric much more quick!]! 
than others^ Caaltwo rods, of eqiiai length and ihick- 
ncl's, the one of glafs, the other of iron, with wax, u 
one end of eich only; and then apply heat 10 the an- 
coitcd ends. The wax will be mcUed much foooef 
from the end of (he iron rod, than from the glaft one) 
which Ihuws, that iron condutls heat more quickly ihaft 
glafs. 

C. Liquid and aeriform bodit-s convey heat on 1 
fereni principle, from that, obierved in lolids, via, by 
an a£lual change in the fituation of their parcicles 
Take a glaf? tube eight or len inc'^es long, 2nd abost 
an inch in diameter. Pour into the bottom part, fof 
about (III depth of an inch, a little wa;er tinged with 
litmus, and then fill up the lube with common water, 
pouring on the latter extremely gently, lb as ti> Iteerf 
th: two n,aia quite diftindt- When the lube is heatfc 
at the bottom, the cold infufion will afccnd, and will 
tinge the whole mafs. But if the upper part of tHo, 
tube be heated, the coloured liquor will remain a 
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bottom. Other experiments, iliuftrating the fame 
principle, may be found in Count Rumford's Eflays, 
cfpecially, in Effay 7th. Thus a cake of ice w ill re- 
main unmeltcdy during feveral hours, when confined 
at the bottom of a jar of hotvater, wiiich, ir fixed at 
the furface, would be liquified in a few minutes; and 
water may even be kept boiling, a coniiderable lime, 
in a glafs tube, over ice, without melting it* 

5" ^he boiling point differs in ^various liquors. Thus 
Ether boils at 104^, Alchohol at 182^, and water at 
212^. It varies, alfo, in the fame liquor, under dif- 
ferent degrees of aimofpheric prefiure. Tbas water 
will boil, under the exhaufted receiver of an air pump, 
at I So*', or even much lefs, of Faht. Hence the par- 
ticles of Caloric are mutually repuliive, and they com- 
municate this repuliive tendency to other bodies in 
which Caloric is contained. This repuliive power tends 
to change iblids into fluids, and liquids into aeriform 
bodies, and is chiefly counteracted by the preflTure of 
the atmofphere. See fome beautiful experiments illuf- 
trating this pofition in Lavoifier's Elements, chap. 1. 

On the contrary, by confiderably itjcreafing the pref- 
fure, water may be heated to above 400^,* without 
being changed into vapour. 

6 JJncombined Caloric promotes the aSion of chemical 
affinity. Thus lead and tin do not combine, till melted 
together. In other inflances, Caloric lierves as the 
mean of feparating bodies already united. Thus lead 
and fulphur are difunited, by expofure in a high tem- 
perature. In favouring t\ie operation of affinity, Ca- 
loric feems to a£l as a (blvent ; and in decompofing 
bodies, its efFedVs are perhaps explicable on the princi- 
ple of eledl've affinity. Thus, in the foree^'ing ex- 
ample, fulphur, in a high temperature, or when fur- 
rounded by a great quantity of uncombined caluric, is 
more powerfully attracted by caloric than by leid. 

• To efFeft ihis, a flrong iron veflel, called a Digefter, is ne- 
ceiTary. 



* Ctm^ethat of Cabrie—^lie oi^i/'^ 

7 . ^hefctJibU htal, sr lintfer^liirt, ef ic<, 

hy li^HtfaBhv. , A ill er mom ether in pouniled 
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it the very (ame point in the water? 



rcfulis rrodi the liqueraftion of 

8. frl tbd ice, during iiqutf^ainn, maft ehfiri m 
cetark. Expofc a pound of waier at 32°. unJ a. puuaj 
of ice 3l 31", in a m"m, ihe tempera 
above the freezing poini, and uniliirinly the fame J«r)i>} 

^ the experiment, the water will arrive at tbe tenipere- 
ture of thfafoom, feveral hour» before the ka iv Didtcd> 
Vet the ice mull, during ttie wiioleof this limci bt it^ 
ceiving caloric, becaufe, arcording loexpt. 4., a hoitct 
boJy can never be in contact wiih a colder one, without' 
imparling heat to the latter. The Caloric therefore! 
which has entered the ice, but is not to be found in it 
by the thermomcler, mull be chemicaiiy combined 1 jn& 
as miuiaiic acid, by union with lime, lofcs all itr 
charaflcrillic properties. 

9, Tiff guanlily sf uncimhiatd, calarit, that evteriiiiln, 
a found ef ice, aiii icctmes \riiicd, during liauifaOim, 
may ti hamtd hy expcrimtnt. To a pound of walcfi * 
171°, aJd a pound of ice at 32°- The lemperstwi 
will not be the ari[bmciicil mean, as in expt. 6, btu 
much below ii, vi2, 32°- Fmm loz", therefore, 
arithmelJcal mean, take 32°; the remainder, 7 
fhows the ijuaiitiiy of caloric, that comhines wiik ■ 
pound of ice, diiring llquefaflion ; that is, as mitcli 

• caloric ig abforbed by, nnd unites chemically with, 
pound of ice during its caaverfion into water, as wouU 
raife a pound of water from jz" to 102°. 

9. Othir examfit! of iht atfirplien of cttkrii, dari^y 

I the liiiii-faaicn of bt/ditu arc (urnilhed by the n 
of fnuw and nitric asiJ; or of (now and commt 

■ both of which, in common langus^e, produce 
cold*. Moll neuiral falls, alfo; during foloi 



• the e 






23 

water, abforb much caloric^ and the cold thus generated 
is fo intenfe as to freeze water and even to congeal 
mercury. The former experiment, however, may 
eaiily be repeated. Add to 32 drachms of water, 11 
drachms of muriate of ammonia ; 10 of nitrate of pot- 
a(h ; and 16 of fulphate of foda ; all finely powdered. 
The falts may be diflblved, feparately, in the order 
fee down. A thermometer, put into the folution, will 
fliow that the cold produced is at or below freezing ; 
and a little water, in a ;hin glafs tube, being immer* 
fed in the folution, will be frozen in a few minutes. 
Various other freezing mixtures are defcribed in Mr. 
Walker's papers in the Philofophical Tranfadlions for 
1787, 88, 89, & ^^, 

10. On the contrary y liquids, in becoming folid ^ e'volve 
or giue out caloric, or in common language, produce heat. 

(A.) Water, if kept perle6lly free from agitation, 
may be cooled down below 32'; but, on fhaking, it 
immediately congeals, and the temperature rifes to 
32O. . 

B. To a iaturated folution of fulphate of pot-a(h in 
water, or of any fait that is infoluble in alcohol, add 
an equal mcafure of alcohol. Vhe alcohol, attradling 
the water more flrongly than the fait, retains it, pre- 
cipitates the fait, and confiderable heat is produced. 

Caloric the caufe of Vapour* 

1 1 . Steam has exa^ly the fame temperature as boiling 
luater. Let a tin veffel be provided, having a hole in 
its cover, juft large enough to admit a thermometer. 
Fill it partly with water, and let the bulb of the ther- 
mometer be an inch or two above the furface of the 
water. When the water boils, the thermometer, fur- 
rounded by ftcam, will rife to 212°, which is precifely 
the temperature of the water beneath. Yet water, 
placed on a fire, continues to receive heat, very abun- 
dantly, even when boiling hot; and as this heat is not 
appreciable by the thermometer, it muA be in a (late 
of chemical union. 



11. 7%i atfirflhn %f^ tiUric, Jtri^g tva^slm 
firv/M Jtf txftrimim. 

Uuiflen > ihermumetcr vwiiii alcobol, or with 

SDJ cxpofc it to tlie air, repealing ibefe operacioni ilr 
Icinaiciy. The atttcoty 01 llie ihermo meter will figE 
■teach Mpofu/e, becauie the voiaiile liquor, iiuiing«E(a 
po(*[ion. mbs it ol in liesi. In ihii way, (efpecull) 
with llie aidol' an apparaiu;, dcLCiibed by Mr, CavalK 
hi the Phil Tiani. Iqi I781, p. 509} ivaicr maj bl 
fittizen ina thinAndfmallgUri bai!, ny means ot eUirri 
and alfo by immerring a lube, contaibing water ai fu 
bottom, in a gla<s ol elher, pUCeJ under the reniua 
of an air-pump. During the exhaultion oi itie veffti, 
ihe ether will evaporate rapidly; and, robbing IM 
water of heat, wfll complecely freeze it. 

13. (ill tht (O'llrary, 'vapeun during their coMiiirjm 
hio a Uquiilform, cvol've, or gi-vi our, much caJtfk 
The heat given om, by the caudcnlation oi fteam, ' 
rendered apparent by the fallowing experiment. iJi.... 
100 gallons of water, at 50*, with one gallon of wua 
at 211^*. The temperature of the water will be raifai 
aboat ij degree, ^uidenle, by a' common flill-tubi 
•ne gallon of water TToin the ftaie of fteam, by lot 
gallons of water at the temperat jre of jo". The watH 
will he raifed 1 1 degrets. Hence, eight ponndj 
water, eondenfed from fteara, raife 100 gallon; of coli 
water, gj degrees more than eight pound* of boilin! 
waior ; and by an e^fy calciilatinn, it appears, that tb 
ealoHc imparted 10 the 100 galluns by the fieam, if ^ 
eoold he eondenfed in one gallon of water, would rdl 
1110950". A found of water, therefore, in ihi 
of Ream, tonnm. more calnric. than a pound of bait 
ing water, in tho propuition of 950 to 211. 

A XT. III. Gaffa in General. 
For performing the ncctlTaty experiments on gaffat 
many articlw of nppiraiitt are elTeatial, that cam 

* Tkli ttperimcnt will be equally coikIuAcc. if rcp«ite>j en 
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acladeJ in s portable chemicsl chelt, which may 
•jti however, contain the materials for procuring gafles. 
[t may aflill the (ludent in obtaining the neceflary in- 
flrumenti, if a few of the moll ellciitial be here cnu- 
'merated. I fiiall meniion none, however, except fuch 
are neeeffaty in making a few general experimenis 
I this interelling dafs of bodies. 
The apparatus, required for experiments on gaffes, 
conHfts partly of veiTi^b fitted for containing (he mate- 
rials that afford tlieui ; and partly of velTeli adapted ' 
for the recepELon of gaiTe;, and lor fubmitting them (o 
ejpeiimenu 

For procuring fach galTt^s, as are producible with- 
.very llrong heat, glafs botijqi, furnifiied with 
ground iloppers, and bent tubes, are fufficisnr. Of 
ihHe feveral will be required of different lizes and 
fhapes, adapted to dilFcrent purpofes. If thefe cannot 
he procured, a Florence flaik with a cork perforated by 
a bent giafs mbe, will fervc for obtaining fome of the 
gaffes, 

Tbofe gaffes, that require far their liberation a red 
heat, may be procured by expofing to heat the fobilance, 
capable of afibrding them, in earthen reiorii, or lubes'; 
<or in a gan barrel, the touch-hole of which has been 
acCDratety clofed by an iron pin. To the mooih of 
the baiiel muft be affixed a glafs tube, bent To as to 
■ convey the gaffes, wherever it may be requiliie, 

2 For receiving ths gaffes, glafs jars of variouj 
fixes afc required, fotne of which fliould be furnithei 
with necks at the top, fitted with ground Ifop'pers. 1 
Thefe jars will, alfo, be found exiremely ufcful in 
experiments on the properties and effefts of the gaffes. 

• Veiycompaft eanhen «Wr»iod tubes ite nisde by MelTn. 
Widewonilii and BvErly, of Elrutia. Ocb«s, ilfi, Isfi dafe in 
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to! ihem (hould bs graduated tnio cubical inches, 
occintiiii thee ja«, when in afe, a velTel will be 
nccelTary, capable ol bulding a few gallons o( wtm. 
This mny either be of wQO J. if of confiderable liZB) 
or. if (mill, of tin japarmcd or painted. Iie fizemty 
vary wiih that of ihe jars employed ; and about an in^ 
«nd an half from the top it Ihoold have a ftielf, oi 
which the jars may be placed, when filled with air 
without the rifle of their being overfct. 

Aglafs tube, about i3 inches long, and 3 t^aaUH- 
if an inch diameter, clofed aio^ecnd, and divided !«• 
o tabic inches and tenths of inches, will be reqatrd 
iorafceriaining the purity of air. 1: Ihould be accqa- 
panied, alfu, wiih a fmalt nicafure, containing aboB 
two cubic inches, and similarly graduated. Briidn 
thefc, ihe ciperimenter Ihould be furniilied with W 
funneti, for transferring gaffes from wide to narnw 
vcffi Is, -^ These, and almolt every other article of U- 
paratus, necelTary for experiments on g-:fles, mif Ot 
feen figured in the plates to Doflor Priellley's Expe* 
. ments on Air, in 3 vols. 8vo. and in ihofe fubjoinj 
to Lavoifier's Elements. 

For ihofe gaffes, [hat are abforbcd by water, a me^ 
cur'al trough is neceffary. For the mere exhibition d 
a few experiments on thefc condenfible gaffes, a Td^ 
wooden trough, u inches long, 2 wide, and 2 defi 
tut out uf a folid block of mahogany, is fufficre'n 
but for experiments of refearch, one ofconfiderablc fi 

Previoufly to undertaking experiments on other gair«| 
it tnay be well for an unpraflifed experimentalift loaft. 
cudiini himfelf 10 the dexterous management of gaOetj 
by transferring common air from one veffe! to anotlw 
of difl-erent fizes. 

Of experiments illuftrative of the na 

general, it may he proper to mention 1 . _ _ 

fliew the mode in which caloric exifts in ihis clafs of boi 
dies. In vapours, ftriftly fo called, as the Ream trf 
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ater, caloric Teems lobe reiainedwiih bat liule force, 
r il quits [he wjier, when ihe «apout is tntieiy e. 
jCedtaa lower temperature. Bui in gal^l;^, calor 
"ted by very fotcihle affinity, and no iliminuiii 
r temperature, that has ever yet been efTi^fied, can 
pirate it fto.ii fnme of them. Thus the air of our 
[iDofpherc, in (he molt intenCe artlBcial or nuiutal 
old, ttiil remiiins in tlie aeriform H-^te. Hence i; 
d one charaacr -.f galTcs, viz. [hat ihey Ihall re- 
n aeritbrm, under almoft all variatious of prefllue 
nd temperature ; and in this clafs are, alfo included, 
idle aerial bodies, which being condcnfed by water, 
squire confinement overmcrcurj-. The fullowing ex- 
'"~en twill fhow that the caloric, contained iagalTea, 
micaHy combined. • 

Into a rmal! retort, put an ounce or two of common ' 
lit, and about half in weight of fjlphuri acid. By 
lis procef], a great qiianiily \it gas h produced, which 
light be received and coHefted over mercury. But to 
we the purpofeof this experiment, let it pafs through 
glafs balloon, having two openings (as in the 4th 
late of LavoiHer. lig. i, G.), into one of which the 
eck of the retort palTes, while, from ihe other, a bent 
ibe proceeds (E. of the fame fig.) which ends in a vef- 
:1 of water. Before cloliiig the apparatus, let a thec- 
lomeier be included in the balloon to (liew the lempe- ■ 
tltlreof the gas. It will he lound, thai ihe mercury, 
) this thermometer, will rife only a ftw dcgiees, 
thereas t>ic water, in the veffel which rcccivt's ihc bent 
will foon become builii g hot. In this inliiince, 
c fl ws from the lamp to the muriatic acid, and ' 
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^ For demon 11 rati Kg the influence of variations of at- 
' mofpheiic pieffure on the formation of gzflcs, bettet 
- riperiments cannot be devifcd ihan ihofe of Lavoifiei. 
ScehijElemcnii, chap. i. fiutai fome fiudenis, who 
haveihc ufe of an air pump, may notpolTers the appara- 
tus defcribed by Lavoifier, (the glafs bell and Aiding 
wire), it may be proper to point out an ea-fier modeof 
(hewing the fame fafl. Into a glala tube about fix inch- 
es long, and hair an inch diameier, fealcd at one end, 
put a fiiiall quantity of eihcr ; and fill the lube with 
water, tinged bine by litmus. The ether will fwim on 
the Curface of the water. Place the thumb, cxpediti- 
oufty, over the open end of the tube, fo as to conline 
the water and ether without including any air along 
with them ; and fet the tube, inverted in a jar of co- 
loured water ; remdfing ih-e thumb, when this has been 
elTcAed. When the above appaiatus is covered witb 
the receiver of an air pump, and the air is exbaufied, 
the ether will be changed into a gas, which will fill the 
lube, and expel the water. On reftoring the preffure 
of the atmolphere, the ether will again become litj^uld. 

Art. it. Oxygemui Gat. 

1. OxygeiKus gai way it prscured frtia •variainfiii' 
Jf^nce,. ' 

A. Fromoxydof manganefe, heated to rednefj ii 
gun barrel, or earthen retort; or-from the fame oxyd^- 
heated by a lamp in a retort or gas botile. with halftls 
Weight of Ufong fulphuric acid, 

B. From the red oxyd ol'lejd (the common red lea*' 
nfed by paintcti) heated either with or without fulafan* 
ricacid. P 

C. From various other oxyds, as will be hereaFtec 
mentioned. 

D. From liitrale of pot-afl) (common falt-petre) 
made red hot in a gun barrel, or in an earthen retort. ~ 
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E. Ftom nxygeoaieil rourjaie of pot a(h, heated in a 

^atl gUfs reton, coated wiih clay ; or in na earthen 

^cort. The oxygrnoDs gas thus produccJ i) laucb 

irer than ihal obtained in any other mode, efpecially 

le lall portions* which Ihould be kept lepaiaie. 

Tliii Gjs has the fallowing propertiei : 
3, It is net abforbtd by •tfi-ater, ^t at leaf! is lb fpa- 
Mngly abforbed, that when agitated in coniaA with wa- 
', an perceptible diminution lakes place. 
3. Ail ccmbaftibU btdits burn in enygenoui gm %uiib 
tally intrtafidfpitvdnr. 

(A ) A lighted wax iap"r, lixed tfi an iron wire, in J 
. 0"wn into a vcfTel of gas, burns U'iih great britlian- 
, (See LiVoiCer'i 5111 plate. Ag. 8.) If the taper 
le blown out, and Ut down into a veffEl of ihe gas, 
'hiie the fnuiF remaitis red hot, it inftaoily lekindlcs, 
'ith a flight explofiuD. 

B. A red hi-t bit of charcoal, faftened 10 an ircn 
lire, and immerfed in the gas, throws que beautifui 

C. The light of phorphorous, placed on a Hitle tin 
up, and burnt in this gas, is tiie brigbteft thst can be 
I any mode produced. 

D. Prccure fame thin hajpficord wire, and iwiftit 
lund ■ l3endef rod of iron <t glafs, fo aj to coil it up 
1 a fpiral form. Then wiihiiiaw the rod, and lie a 
Itile thread round one end of the wire, tor about the 

ngth of one. twentieth of an inch, which end is lo be 

ipped into melted lulphur. The other end of the wire 

to be fixed into a cork 1 fo that the fpiral may hang 

;ttically. Fill, aifo, with oxygenous gas, a bottle 

apableoF holding about a quart, and fei it with its 

nouth upwards. Then light the fulpiior, and introduce 

be wire into the bottle of gas, iufpending it by the 

rk. The iron will burn with a moft brilliant light. 

lowing out a number of fparkii whicJi iall 10 the tM- 

C3 
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^^p^^ttieboiile, and generally break it. TMsTraff 
dent, h wevtr, may frequently, be ptevenicd by pour- 
ing land inio the boitlr, fa as to lie about half sn inch 
deep oa cbe bottom. (See Lavoifier's 4tli plate, fig> 
,17.) 

E. A little of Homberg's pyrophorooi, a fubllance 
to be hereafter defcribed, when pnured into tbis ga;, 
immediately flnlhes like inllained (^un-powder. 

+. During fuff cembnftiofin nxygema, gas, thi get 
Jiiffcn a material ^imiiiitihn. To exhibit this expert- 
menially, in a manner perfeflty free from all fources of 
error, would require facb an apparatus as few perlbns 
areiikcly topoilefs. The apparatus required, maybe 
fcen defciibeii in ilie 6ih chapter of Lavoifier's Ele< 
menli. The fail may, however, be Ihown lefs accu- 
rately, in the following nianner. Fill with oxygenous 
ajar of moJeraiefize, which has a neck and ground 



giafs iiopper at the top. Then, with the afliftance ofa II 



Hand, formed of bene iron wire, (like that Qtewn in the 
plate to Nicholfon's Chemiflry, 6g. 1 6,) place a fhaltow 
(in veflc), containing a bit of phofphorus or futphur, 
three or four inches above the level of the water of a 
pnctfmatic trough. Invert the jar of oxygenous gas, 
cauiioufly and expediiioufly, over this cup, ft as to 
confine it with its contents in the gas, and prelli^g 
down tlie jar to the bottom of the trough, open the (top- 
per, Aqoantity of gas will immediately rulli out, and 
the water wii! rife to the fame level within the jar M 
without. When this has taken place, fer fire to the 
fulphur Of phofphorus by an iron wire, and inilanrir 
put in the Hopper. The firft efFeft of the combuflio» 
will be a dcpreflion of the water wifhin the Jar j but 
when the combuHion has elofed, and the veiTel has cod- 
ed, a confiderablc abfurptlon will be found to have eti> 
fued. 

5. Alt boAiis, by comhuftisn in axygmom gas, aejain 
«n adiilina lo ihtir weight ; and ihi iitcreajc is in prepet- 
tita la ihi ^utuiliij/ "fSM al-Zorbid, To prgvc Uiij by 




Oxygeaoui gai fuf ports , tmiaently, animal lift, tt 
wilt be found that a maare, bird, or oiber (mall inima], ' 
will live fix times longer in a vefTet of nxygenous gai, 
thftn in one of aimofpherical air of che lame d imeniiont. 

7. This efc^ /terns (tnneiitii •tuith ibi abforpmn ef \ 
oxygtit by rbt iked. Pafs up 1 little tiark coloured blood , 
into ajar partly fiilei^with exygen gas, and Handing ^.| 
over mereory. The gas will in part bo abforbei), and 
the colour of tbe blood will be changed 10 a bright and '1 
florid red. This change lo red may be (hewn by pmiing ' 
a little blood into a common phial filled with cxygciious i 
gai, and Oiaking it up. 

Art. v. Jko'ic or Nitregcn Gai. ■ 

I. Azotic Gas may be procured, though not abfo- ,1 
lutejypure, yet fufE;ienily Wor the purpofcof cxhibii- 
iag its general properties, in tbe following manner. 
Mix equal weights of iicn £lingi and ful^hur into a ] 
palle with water, and place the mixitire in a proper | 
vcHel, over water, on a Hand fimilar 10 that defctibed, j 
Art. IV. No, 4. Then invert over it a jar full of com- ' 
monair, and allow this to Hand expofed to the mixture j 
fopaday or two.^ The air, contained in the jar, will 1 
gradually diminilh, as ivLll appear from ihe afcent of j 
the water »ithin the jar, till at lafl, only about three- ., 
fourths remain of its original bulk. The velTel, con- 
" taining the iron and fuiphur, mull next be removed, by 1 
withdrawing it through the water ; and the remaining 
Air may be made the fubje^ of experiment. 

2. This gas has the following 
-At It n not ablbtbed by water. 



properties ; i 

am 
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;-. Brft immeiUlelj' exiinguithes a lighted candle, and 
a11 oiher burning fubAaDcei. 

C. It is ratal to animals that are conRned in it. 

T>. Plants, however, live in it, and even flounlh. 

E. When mixed with pure oxygenous gas, in the 
proportion of one part to three of the latter, it compttfei 
« mixture, r'-feuibling atmofpheric air in all its proper- 
ties. Of this any one may be faiislieJ, by mixing three 
pares of azotic gas with one of ojygcnous gaa ; an" 
immrrGng in the mixture a lighted taper. The 
-will burn as in aimofphericsl air. 

Akt. VI. Aim/,/pheric Jiir. 
The Air of our atmofphere, it appears, therefore, 
from the foreguing fails, is a mixture, or rather a CQOIr 
bination, ot iwo Jiiferent galTes, viz. oxygenous gai> 
and azotic gas. The former ol ihefe two Teems to " 
the only ingredient on which the effefts of the air, i 
chemical agent, de|iend. Hence combuitible bodies barA' 
in atmorphetic air, only inconfequenceof theoxygenoai 
gas, which it contains ; Ad when this is exhaufted, air 
is no longer capable of fupporting combuftion*. The 
abflraflion, from the air, of itsoxygenons gas, will be 
rendered apparent bv the fallowing experiments. 

1 . Burn a little fulphur or phofphorus, in the manner 
defcribed. Art. iv. No. 4. fubftiiuting for oxygenoas 
gas, common almolpherieal air. The combullion wiH 
in this inftance be lefs vivid; will ccafe fooner ; and 
jhe abibrpiion. when the veiTeli have cooled, will be 
much lefs confiderable thart in the former cafe, 

2. Take two tubes, each a few inches long, dofcd A 
one end, and divided into aliquot parts. Fill the one 
with aimofpherical air, the other with oxygenous gas, 
and invert them in two feparaie cups filled with a Ibtn- 

• Certain combuflibic hndiet 
iir, long hernte it! oxygenoui 
d)at will heicthec be gives. 



n of fulphurel of pol-afh. The fulphuret will afcera 
■radualiy within the tube of common air, till, afier a 
few days, only about ill tes-founhs of its original volume 
remain : But in that containing oxygenous gsj, it will 
Afcend much higher ; and if the gas be pare, will even 
abforb the whole. The Explanation of ihitfaftis, (hat 
'iquid fuiphurEtof poi-aiHhas the property of abfotbing 
ixygen, but not azoie. It, therefore, ails in atmof- 
_ihetic air, only as long as any oxygenous gas remains t 
and may be employed as a mean} of afceitaining ihe 
Iqaantity of this gas in the atmofphete at diffi:rent times, 
tind in diftant places. An improved inflrument, thus ' 

fraduated, has lately been employed by Goyion ae an 
atfhmtiir* . (See Nicholfon's Philofophica! Journal, 
Vol. I. page z68 ; or Tilloch's Phitofophical Magazine, 
Vol. III. p. igt.) 

'. 3. AimofphcTit BIT mmfltn to the /upport of animal 
Vfit snlj in coa/equcnce of ihi sxygenous gas -which it con- 
taiwt. Air, after having been received into the lungs, 
iltd again expired, is found to have loll confiderably - 
rf its oxygenous part, vis. 10 or ii per cent. It proves 
fatal to animals, however, long before ihe whole of 
fail purer pnrtion is wholly exhauSeJ ; and hS'^ce it 
ippears, that a confiderable proportion of oxygenous 
gas is even nccelTary lo fit the air for fupporting refpi- 
Htion. As the analyfis of expired air requires an ac- 
' [u-iintance-with another ga'< not hitherto defcribed, viz. 
'arbonic acid, its exaimoation will be pollpuned to a 
fttureoccalion. 

Art. VII. Hyiirsgeitaus Gat. 
. ta procure hydro^nausGa!, let fulphnricacid, pre- 

iHy diluted with Vfeor frx times its weight of water, 

be poured ou irun filings, or on (mall iron nails, in a 
,ga» bottle or fmall retort. An effe. efccnce will enfue, 
od the efcaping gas may be colle^ed in the uJual 
aanner. 

• Other Eudiometers will ts dcfciibtd htrcjftu. 



This gas Tias the following properties 7 

3. It rentiin! pirmatnut B-ver tvaler, or is ool abforb- 
cd in any Doiable proportion. 

3- Ii h infiammMe. This may bo (hewn by the fol- 
lowing experiments. 

A Fill a fmall jar with the gas, and holding it with 
tbemouih ilownwarda, bring che gas into contaawith 
the flame of a candle. The air will take fire, and will 
burn filenily with a lambent tlame. 

B. Fill with [his gas, a. bladder which is Furoifbcd 
with a Hop cork, and with a linali pipe, of diameter leTi 
than thai of a common tobacco pipe. Prefs the air out 
through [he pipe, and on prelenling a lighted candle 
the ftrcam will take lire. If this apparatus cannot be 
prncured, a very fimpie contrivance will arifwCT th< 
purpofe. Break cS'part afan eight ounce phial, wilhiD 
an inch or two from the baiiom, by felling Jitc to ^, 
firing tied routiJ it, and muifleneJ with fpirii of turpcn- 
line. The pliial will then refrnible ajar wiih an open 
neck at the top. Next bore a fmall hole ihroagh acorlc 
that fits ihe neck of a phial, and Infert in it part of 1 
commm lobatco pipe, which may be fixed into ihfl, 
neck of t!ie botilf, by a cement of refin and bees-wa<. 
Then fill the bottle with water, and httld it with the 
thumb preffed down od [he aperture of the pipe, whilS 
hydrogenous gas ia pafled into it. When the bottle i», 
full of gas, remove ihetbumb, prefs the bottle down inn 
tht^ water, and on the approach of acandie the ftreaid Of 
airfrom the pipewill take fire. I prefer this madeflf 
making the experiment to ihe common one of inflaming' 
the gas as It proceeds, through a ftnall tube, from thfti 
bottle in which it is produced vbecaufe I have oncej 
feen at explofvio, and frequenflf heard of fimilar ac- 
cidenis, from the Utter mode of making the CKperi- 
ment. 

C. In a flrnng bottle, CApabte of holding about fiMf 
ouncetof wa-er, mix equal pnris of cnmm-n air ani 
hydrogenous gas. Oq applying a ligincd candle '" 



tJ. 



iitture will burn, not riknily as in experiment A, bat 

iihafuJden and londexptofian. Ifahtger boiile be 

(fed, il Ibould be wrapped round with a handkerchief, 

prevent the glafe from doing any injury, in cafe the 

botiie (hdutd buift. 

D. The lame experimeni may be repeated wrifa oxy- 

Efnoiis gas, inftead of atmurphencai air ; changing 
e proportions, and mixing only one pan of oxjge- "" 
lus gas, with two of hydrogenous ; The report wilfbe 
nfideratly lomJer. The but lie Ibould be a very ftrong 
le, and fhouU be wrapped round wilh cloth, to pre- , 
;nt a ' Btcident.* 

E The fame experiment may be made over water, 
jy means of ibe eleftric fpark. Procure a ftrong lobe 
houi thiee quaiters of an inch diameter, and twelve 
ebes long, cliifed ai one end. Abnut a quarter or 
■If an inch from the fealed end, leilwo fmall holes be 
illed, nppoCie to each other, and into eich of thefe 
c a brafi candi £lor be cemented, )b ihnt the two points 
inay bediftani from each oiher, wiihin the tube, sbnnl 
■' sighth of an inch. Into this tube Handing over 
r, pafs about a cubic inch or lefs, of a mixture of 
hydrogenous andoxygpnoos gaffes, iti the proportion of 
iwti meaforesof the lormer lo one of the latier. Hold 
»he lube Grmly, and paf* an eiefliic fpark tbioogh the 
inlxed galTea. An immediate explofion will take place; 
after wnich tlie nafTes, if pure, and in the proper pro- 
portion, will be found to have difappeared entirely. 
If Btmofpheric air be ufed, the remaining gas will be 
ftiund to be unfa for fupportingcombullion, the hydro- 
genous gas having robbed it of all its oxygen. Hence, 
die inflammation of hydrogenous gas, in graduated 
tube;, has been employed as a meaiis of meaiuring the 
purity of air, and is the principle of Volta's eudiome* 
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F. The diminuiion of hydrogenous and oxygenouji 
gafTee, by the union of their bales, may be (hewn, al- 
lb, by their fiawcombullian. Fill a lall Jar with oxy. 
genous gas ; and iilJ also, with hydrogen gas, a bladdet 
furnilhed with a ftop cock, and wi:h a loog brafs pipr, 
bent like the leller S, and drawn out to a fine point, 
On prcIBng ihe bladder, a dream of gas will iflue from 
the pipe, which may be fet fire to, and brought caoii-' 
oully undpr the tall inverted jar of oxygenous gas. By 
this contrivance, the ftream of hydrogen gas will be 
burn: in a confined portion of oxygen gas ; and 00 con- 
tinuing the combuftion a fufticient length of lime, the 
water will be feen to rise gradually within the jar. Oq 
the firll impredion of the Iteal indeed a quantity of gai 
will efcape from (he Jar, which will render it difficn^ 
to aicertain what degree of abforption has aflually taken 
place. But ihis lofs may be prevented by ofing ajar 
with a neck at the top, to which a comprefled bladder 11 
firmly lied. The expanded air, inllead of efcaplnj 
through the water, will now fill the bladder at the toji 
and when the experiment has cloied, and the ve(fel 
have cooled, it may be afcertained, by preffing out 
gas from the bladder, what quantity of oxygen gas 

When the above experiment is made, with the full- 
ftituiion of common air for oxygenous gas, a diminati* 
takes place, but much lefs confiderable*; viz. tiol i 
mounting lonne-fixih the original bulk of the gas. , 

4. HyJragenoui gai has an uapleafanl/mtll. 

5. risi/ji inflammabU it/tl/, it txiinguipes Imriay 
bod'm. Bring an inverted Jar, filled with this gas, o» 
the flameof a candle ; and deprefs the jar, fo thai tJi 
lighted wick may he wholly furroundcd by the gas. Tit 
candle will immediately be extinguilhed. 

6. It is fatal m animals. This may be Ihcwn by ton 
fining, inthegas, amoufe, or'pther fmall animal. 

7. Jt ii-dnfiieraily lighttr ihaii atmof^htrical air. 
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'ith this gas. Hand for ■ Tew fe- 
Conds, with ii> open muiiih upwards. 'On letting down 
a candle, ibe gas will be founil to have escaped. 

fi. Place another Jar of the ^a inverted, oi with ill 
mouth downwards. Tlie gas will now be lound to 
'reniain in the jar, being prevented frim efcapiitg op- 
wards by llic baitnm a'ld fides of ll'C veffel. 

C. Fill with hydr.igen gas, a bladder furnitlied with 
K flop cock ; aad adapt to this a c- mmon tobicco pipe. 
Dip (he botvlof the pipe inioa lather of luap, 'and turn- I 
i.g the cock blow up the lather into bubble). Thefe J 
bulblei, iiideid of lalling to the groimtt, like thofe 
cutii.li >nly blown by chiMren, will rife rapidly into the 
air. On this property of hydrogen gal, is fcuntied Us 
applicatiot) to the railing of balloons. 

8. Mj-drcgtHsui gai , ihaugh fatal to aitimel U/t, ii hU 
Ji IB 'vtgclablet, -wbUb greiM aad cvtnfisuT'Jh in it, 

A « T . V 1 1 1 ., Compefika and Dtnmfofitim of H'ater. 
In An. VI!. (No. 3. E.) it wis ftatcd that oxygen- 
eusa d hydiogeioui gafl'es. when fired over water, in 
the proper proponiJn, wholly di.appear. Toalceriain 
the nature of the prod ufl ihus loimrd, however, the 
experiment muft be repeated over mrrcury, in a finii- 
Uf manner. When this is done repeatedl)-, it is foond - 
ihii ilie product of the conibultion is that ivelt known 
juid water, which is thus proved to be compofcd of two 
elementary ingrtdients. The water, produced in ihia 
mode, IS not, howevrr. to be confiderrd as a cmpoond 
of the two galTcs, but only cf their bafei ; for the ligbc 
and caloric, which conitiiuied the gaflcs.efcjpe in con- 
fiderable pan, during ihe combuftion, Every gas, it 
muA be remembered, has ai V all two in[>redie<us 
one gravitating matter, which if feparate, woul 
bibly eitift in a folid ot liquid form ; the oih. 
tremely fubtile iluid, termed caloric. In the exam; 
before us, caloric [atid perhaps light] 




gredien'i both of hydrogen and otygen gaffes ; but the 
two differ in having diffcicni bafes. The bifes of the' 
one 15 called hydrogen, of the aher oxygen ; and wa- 
ter may, therefore, be affirmed to be a compound of 
hydrogen and oxygen. Tliis may be proved in two 
modts, by fynihcfi), i.e. by joining together its two' 
elementary ingredients ; and by analylis, in other wordi, 
by feparating the ccnllituent pans of water, and agMn 
cxhibiiing them in a. diAin^ lorm. 

1. SynlhclU Exfirirmnti. 

A. Fill, with hydr.igeti gas, a bladder, farnifhed 
■with a ftpp-cock and bent pipe, fimilar to thit defcri- 
bed, Art, VII. No. 3, F. Then pour into a ftiaHow 
earihen dlfli as much quicksilver as will about half CU 
ir, ind invct over this a glafs bell full of common air 
and perftflly dry. Expel the hydrogen gas through 
the pipe } light the lire am ; and bring it under the 
.glafs bell, by raifing this, and drprefling it into the 
inerciKy, as foon as the infiamed gas is introduced. A 
portionof air wiUefcape at firfl. in confequence of the 
rarcfaft-on, As the combuBion continues, water wiit 
fcrm, and wiUcondenfeon die fides of the glafs, Thii 
water is produced by the union of hydrogen with the 
oxygen conta'ned in atmofpheric air. 

B. Th 'fe perfons, who are not polTcffed of a fuffielcnt 
(juantity of quickltlver, to repeat the above experiment, 
may fubllitute the following. Procure a large gUJi 
globe, capable of holding three or four quarts, and haV'^ 
ing two openings, cppofitc 10 each other, which m»jr.j 
be drawn cot for a ftiort diftance, like the neck of a rt- 
cort. Inflame the fiream of hydrogen gas, and intra* 
du« it into the cenire of the globe. The rarefied and 
vitiated air will afcend through the upper ai'erture c^ 
the globe, and a eonllant fupply of frelh air will be 
furniOicd from beneath. By this combultion, a quaa* 
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tity of water will be generated, which will be condcnfcd 
on the inner furface of the veflel. 

C. A fimpleand in;;en'ous appar2tus, Icfs coftly than 
any other intended for the pnrpofe ofexhibifng the 
compofition of water, is made by Mr. Cuihbertfon, of 
London. It may be feen defcnbed and figured in Ni- 
cholfon's Journal, Vol. J I. p. 235 ; or in the Philofo- 
phical Magazine, Vol. II. p. 317. 

D. Thofe perfons, who have the opportunity of re- 
peating this interefting experiment on a large fcale, and 
with an accurate attention to proportion, may confulc 
liavoiiicr's Elements. 

E. By firing repeat^ portions of a mixture of oxy- 
genous and hydrogenous ga/Ies over mercury, arfenfible 
quantity of water will at lafl be produced. 

2 . Analytic Experiments. 

The analytic experiments on water are of two kinds, 
I ft. fuch as prefent us with one of its. ingredients only, 
in a feparate and diftind form ; zdly. fuch as prefcnc 
us with its two component principles, the hydrogen and 
oxygen> mixed together in the ftaceof gas. 

Of the firft kind are the following : 

A. Procure a gun barrel, the breech of which has 
been removed, fo as to form a tube open at each end. 
Fill this with iron wire, coiled up in a ipiral form. To 
one end of the barrel adapt a fmall glufs retort partly 
filled with watfr, and to the oiHer a bent glafs tube, the 
open end of which terminates under the fhclf of the 
pneumato chemical apparatus'. Let the barrel be placed 
horiz >ntally, (or rather with that end, to w) ich the 
retort is fixed, a little elevated) in a furnace, having 
two openings in its body oppofite to each other, or in a 
grate like that figured by Lavoifier plate 7, figure 11. 
Light a fire in tiie furnace; and when the gun barrel 
has become red hot, apply a lamp under the retort. 
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The (leam nf [lie water will pafs over ihe red hot iron, 
■ "" ' e decorapoled. lis oxvgen will unite with 
ikJ jis hydrogen will be obtained in (he form 
This is the readieft and cheapeft mode of 
procuiii g hydrogen gas, when wanted in confidcrable 
quanliry. 

B. the fame experiment maybe repeated; fubftitn- 
tingan earthen tube for a gun barrel, and weighing ths 
iron wire, accurately, both bcl'ore and after the experi- 
ment. The iron will be found lo have gained weight 
very cnnfi.lerably ; and if attention be pa'd to the 
weight of the water, that efcapes decompofiiion, byan 
■ddiiion to the apparatus, limilir to (hat employed by 
Lavuilier, (plate 7. fig. 1 1 - S and H) and to the weight 
of the gafTes obtained, it will be found that the weight 
gained by the iron, added to that of the hydi^gen gas, 
will make op cxaflly the weight of the water, that hsi 
difappf Bred. From experiments ot this kind, conduA- 
cd with theuimoft atetitinn to accuracy, as well as Iron 
fynihelic experiments, it appears that water is com-i 
paonJed qTSj per cent oxygen, and 15 hydrogen, by 
weight, very nearly. But as hydrogen gas is elevn( 
limes lighier than c&mmon air, the proportion of gafleiT 
by volume, required 10 form water, is about two of 
hydrogen to one ol' oxygen gas. 

C. Water may be decompoied, in a fimilar appara- 
tus, over charcoal irllead of iron. The refults, how- 

. ever, are different in this cafe, as will appear from 1 
fubfisquent feflion. 

D. Another mode of fffefling the decompofition of 
water yet remains to be mentioned, in which not the 

^ hydrogen but the oxygen is obtained in a gafeoui dale. 
This is by the adion of living vegelabli s ; eiiher ta- 
tire, or by meana of their leaves only. Fill a cleai 
glaT^ globe with water, and put into it a number a 
grern leaves, from aim oli any tree or plant. A fpril_, 
or two of mint will an(wer the purpoie per/eflly welt. 
Invert the glafs, and place it with its mouth downw 




H vcOel of water. Expale ihf wttole spparamtn the 
'dtre£l Hglilot' the fun, which will then ralloiiihr Icavct, 
furrouti<led by water. Bubbles of air will foon beein 
irm on ihe leaves, and will increafe in Cze, tiUflt 
lalt tbey rite lo ihe top af the velul. This pioieit may 
be carried on, as long as the vegetaiile continues 
beslihy ; and the gas, when examined, will prove lo 
be oxygenous gas neatly pure. In ihis experiineni, the 
'hydrogen combines will: the plant. In the noiinlhtnenc 
and fuppott ot whicb it contributes, while the oxygen 
is fei at liberty. 

2dly. The procelTcs, by which the elementary p8ti» 
if water are feparated trom each oiher, and bold aie 
prelented in an aeriform Hate, as a ni xtuii: ol hydio- 

■ gen and >'xygen gaff.a, arc depenJeiii on tl.e agency of ' 
elcariciiy. 

A. The firft.of thefe experim'-nis rei]uire9, for iti 
.perlbcmance, the aid ot a puwerful eleflrital machine. 
I'his fdfl was ihe difcovery ot a Icicieiy of ingenious 
jDutch chemills i and the principal circumAince, in 
the experiment, is the iranfmiDju.i of tl flrical fli<j(ks, 
)ugh a confined portion ol water. The apparatus 

■ employed in ihia experiment o( Mfflrs. Dcimeo and 
'V40 TrooOwyk, is a glalj tuber, ab' uc one eigh:h of 

an inch diameter, and i^ inches long, o e cf the endi 
of which is fealed heimeiically, a grid wire being in-i 
. fcrted at tliis end, and projefiting about an in(h at.d an 
;_hairwilhintl<e tube. About the dillance<'f five.etgl.^hi 
«fan inch from the extremity dI ihi<, anoiUer w>ie ii 
to be fixed, whit;!i may extend ro the open end ot tne 
lube. The lube is next 10 be filled wiih dillil'ed w.aer, 
and to be placd inverted in a vtflel .f the f-me. When 
ihoidirpoled, eleArical Ihtitks are to be palTed, between 
the two ends iif the wire, thropph the water ; ' " 
thefe (hocks be fuHJcienily llrong. bubbles ol air will ba. 
□ed actheexpiofion, aod will aicei d, tilliieupper 
I of t'c wire is uncovered by the wurer. As loon ii» 
this is eSe&.ei, the next (hock that is palTcd v/iil i» £il 
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utile air; tod ihewltcrwill rife again in tlie tube, 3 
r^rcry fm^ll quantiti' of gas rtma ning. Nuvv as hydro- 
f gen a id oir/i;en gaffes, in a. Ilaie of admixture, are ihe 
. only onci, itut are capable of infisming by the eleflric 
I (hock ; and as ibere 5 rotbi'g in the tube, belides wa- 
ter, that can afford them in this experimeni, we miy 
I fafely infer, that rhe evolved liydrogtn and oxygen 
gaffes arife from decompoled water. 

B. An improved apparatus, exhibiting the fame ex- 
peiiment tviih lefa trouble (o the operator, has been 
invented hy Mr. Cutbbertfon, and may be feen de- 
fcribei and figured in Dr. Peartini's paper, in the 
Phil, Trans, for 1797, or "in Nicholfgn's Journa). Voli. ■ 

C, The fame experiment may be performed with the 
aid of an apparatus of great fimplicity, and which it » 
in the power of almoft any perfon to make for himfctf. 
This is [he newly d fcovered pile of Siguior Volta ; a 
difcovery, which fur curiofity, and im^'Oriance in a 
philofophlcal view, ranks with the lirll that have been 
made during the prefent ccntory. It is conilrufled ia 
the foll-iwing manner. 

Procure, at a brazier's or copper fmith's, 30, 40, or 
, 50 pieceJ of zi^ic or fpeltre. cali in fand, of the fize of 
•half crowns f^r (hillings, but rather thicker. A cofret 
ponding number of half crowns or {hillings will, a!fo, 
be required, according to the fize of the p'cces of zinCj 
that may be employed. Let an equal number of pieces. 
of woollen cloth he cut of a circular (hipe, to correfpond 
with the pieces of zinc ; and fteep thefe in a Itrong Ib- 
Itttion of comman fait in water. Then dilpofe the three, 
fubftances, alternately, in the following order, filver, i 
sine, moiftened cloth; filver, zinc, &c. till a fuffid-, 
ent numberof thefe triplicates, not lets than io or jo,, 
have been thus arranged, the filver terminating thc^ 
pile at the top. Tn order to facilitate t!,e touching of 
the bottom piece of filver, ii may be well xo put undef 
it a flip of tinfoil or Dutch ieaf, which may pnij«a « 
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[cits. Next, let ihe hands be m"iilened ■ 
and w»Ctr, and on touching ihe picte of linfoil with 
one hand, and (he uppermuA piece or Tilvcr »ilti the 
Other, a ihock ivill pafj tbrough the aims, which will 
be Drong, in propor'.ion to I he number of pieces o' zinc, 
&c, ;hai are employed. 

Whh ihis apparatus, the dccomporition of waier it 
effefled with the otmoft facility. Take a narrow plafs 
tube J or 4 inches tang ; lit each end with a cork, pe- 
netraied by a piece of ilenJer iron wire, and lill ihe 
lube with water. Let the ends of the two wires be dif- 
lani from each other, about three fourth} of an inch ;- 
and let the unebe madelo communicate with ihe bot- 
tom of the pile, the other with Ihe top. Oa making 
this coinmunication, bubbles o/airwiii form, and will 
afcend to the top of the tube ; the iviie being rapidly 
oxydated. In this experiment, water ii decumpofcd : 



fi the i 



1 ; while its hydrogen 



vitb the fubRituiion, f 
It oxydated by water, 
mixture of hydros 



its oxygen t 

appears in the Hate of gas. 

If this experiment be made 
iron, of feme metal that is i 
gold for example, wc obtain i 
oxygen galTes, as inthe experiment of MeiTrs. Dcimen 
snd Van Trooflwyk. 

to Mr. Nicholfon's Journal, a variety of interefting 
obfervaltons on the phenomena, produced by Volia'a 
Galvanic Pile, have been publiOied by MelTrs. Nichol- 
Ibn, Catlille. Cmlkfliaok, Davy, and others. 

Art. IX. PrepcriUi- ettd EJiili ofWaltr. 
1. IVeter centaini air. This may be (hewn by pla- 
cing a glafs veffcl of water under the receiver of an air 
pamp. During the exhaoftion of the receiver, bubbles 
of air will be feeo lo afcend very plentif lly. Much 
air efcapes alfo, from water, during ebullition, and 
may be coUefled by a proper apparatus. 



in 


•wal 


r.^ Chang* »f 






abforpiiuii of 


iio 


oU 


uld) is atiend- 


f\t 




en in An. a. 


^In 




s evolveJ, ai 


lal 


of 


ariar, duting 



J 

. Wattr ii nntaintd hi thi air of the atmafphefi, t^ai 

ig ibedricftti.-caihtT. EKpofe lo the air, in a (hal- 
low vclTel, a licllecarbonaie ot pot-aih (not cryltallized, 
but the common fall of tartar,) In a tew days, it will 
]iave becume moilt, or deli^niaud. On the lame prin- 
ciple, water, expofed to the air in a fhalluw vcflel, dif- 
appears, being diflblved by theaimurphere. 

3. Water dlgol'vc, a gnat iiariet^offclldhodm. The 
fubllancei, on which it exerts this elFetl, are laid 10 be 
foluble in water ; and there are various degrees of fo- 
lubiliiy, fee Arc. 1. No. 6. 

4- Daring the JoUtion cf todils 
temferatitre enfuss In moll infta 
caloric, (iiiother words, a pruduii 
ant on folution, as in the exampli 
No. 9. But, in other cafes, 
heat ptodoeed. Thu! CoiriiK 

folution in water, raiies the tempcraiure of iii falvent'i 
and ciuliic pui-alh, in a It-te ol dryiefi, does the fams 
ftill more remark ibiy. Both carbonated and pure pot- 
afh, however, when cryltallized, bbl'erve the ufuallawt 
and abforb caloric during J^olmioD. New as their dH> 
ference, In the cry[lalliz>^d and uncryll.illized ftaie. dfe. 
pends chiefly On their contaii'ing, in the fcrmer but DOt| 
in ihc latier, water chemically combiiieJ ; we may in. 
fer, that tlie cold, produced during ihefoloiion of faltt, 
is occafioned by lue converfiun of ihe water, which ex- 
ifts in ihefe bodies, from afolirf to a liqu d ftirtn. 

5 . During ihefilutlBii nf/alit in tvalcr, a quantity b/ 
air is dijtngiig'd. This sir was, partly, coniained me- 
chanically ui the fait, and panly in the water. T' ' 
it does not aiile, enttrtly, I'r-m ihe lormer fourcei 
proved by varying the i-xperiraent, in the following 
manner. Let an L>un,.c 01 iwo of lulphaie of foda 
pur into a ph al i anJ poar on this as much water 
will completf'y liil the bmt'e. The air, contained 
the pores if the Ult, will be no* direng:iged 1 but onljr' 
afmall ponioa of the fait Will be diffolved, agreeably 



to Ae principle laid down 
phial be Ihakcn, and ihe 
pearj a freOi portion of air 
lodon. The air Ihai now : 
ihc water, tn confeqk 



. I, Ni. 7- Let Ac ' 

oi the Uh will diup- 
libetated during fa- 

affiniiy between 'he 



nd the fait, being ftronger than ihac berm 
the water and ihe air. It is, iherefgre, a cafe tjf li gle 
eleflive affinity. 

6. During ike folulUn ofbaMei, the l>uU if •viatir 
ihangti. Take a gisis globe, Turnilhed with a long 
narrow neck (commonly termed a malcafs) and put into 
it an ounce or two of fulphaie of foda. Then add ai 
much water as will lill (he glol c, and about ihree- 
fourths of the reck. This ftiould be done with as little 
agitation m pollible, in order that the fait may nut dif- 
Iblve. till required. Mark, by tying a little thread, 
the line where the water ftand) ; am.t then agillie tha 
matrafs. The fait will d.iToWe j air will be frt at 
liberty; and, during the (blution, the water will ftnk 
ConflJerabl)' below its level. This conlr^aion of bt.lk >) 
owing to the diminution of temperature ; and when the 
toatitr has regained itJ former tem|'eraiure, it will alfi be 
found, that it; bulk is incieafed by the addition of fait. 
The bilht.p o\ Llandaff found that water exhibits a ma- 
nifetl augmentation of bulk, by diffnlvng only the two 
ihoufandih part of its we>ghiof fait ; a fa ft lufficiently 
decifive againft that 'hecry, which fuppofc 



capable of 

auj^menlation of volum 

7. (Vain h.t, iu fik 

ing ihe prejfui-e ef the m 

pound of fulphi 



'ing 



faline bodle. 



vitht^ut i 



nl petiicr increafiJ by dlmlnijh- 
e/pbtTc. Into a Florence fl^ik, 
ot" foiia i pour on it hardy s 
pint of water ; and apply heat I'd as to boil the wate/. 
Thcwholeof the fait will be diflbWed. Boil the folu- 
tion for feveral minutes, pretty ftrongly, fo as to drive 
out the air; and cork the bottle tightly, immediately 
on its removal from the fire. To pievent. more coin-| 
ptetely, the admiilionofair, tie the cork over with btad-" 



As the vefTel cools, an itnperf^a vacuum will Be 
ed over tlie t luticin ; for the Hearn, which arifci 
during the ehulliuon, expeb [lie air, and takes i» 
place. Tht Aea'm h condenfed again, when tlie v^l 
.cools. The folution, when perEcftlf cold, may be ba- 
leen without any effeCl enfuing, fo long as the mITcI is 
icept clofely Hopped i but on removing the cork, and 
Hiaking the vcffil. the foluiitin will immedialely con^ 
gcal, and heat will be praduceiJ, Tliis experinunt, 
.befi'es the principte, whicli it ij peculiarly in'tended to 
JUuftratc, exemplifies, allii. the" general role laid dowtl. 
Art. II. No. lo.' viz- that caloric is always evolved* 
during [l-e tranficinn of bodies from a Buid to a folitl 
flatet anditlurnilhes a faa exaaiy thecopverfc oflhat 
in which cold is produced, or caloric abfor bed, duriog 
thefolucion of falls. 

8, It is nnnecclTary to add any thing, to what hu 
been, already faid in a former fcdtion, verpefling the 
eombitiation of caloric with water, conlliluting fteara J 
DC to the hiltory of the phenomena attending its coaver- 
fioii into ice i ejicept that during the latter change, in 
bulk is enlarged in the proportion of g to 8, and ihit 
in confe^uence of this expaniion, watrr, daring COBgc-' 
lalion, IS t;ap.ib1e of hiirliing the Arongeit veflels; utl^ 
become;, alOfpecincally lighter. lienceice fwimi al< 
ways on the furfacc of water. 

ART. X. ji/^Jis, 

Gamral ^lalilie;. 
The propertier, common to all the three alcalls, may 
be Iheiwtv by thofe of a folutiou of pure pot alh. 

A. The alcatis change vegetable blue colours, a» 
that of an infofion of violets, to green. 

B, Thfy have an acrid and peculiar tafte. 
C. 'They ferve as the intermedia between oils and 

water, fee Art. i> No. 9- 

D. They corrode woollen cloth ; nnJ if the foln* 
be fuffiiienily Urong, tedoc: it to the formof a jtUy, 
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Pure Pot-ajhi and pure Soda, 

Thefe alcalis may be procured, in a dry ftate, by 
evaporating their re{pe6tive folutions, the mode of pre- 
paring which will be hereafter pointed out. The alcalis 
thus obtained, are very far from a ftate of complete che- 
mical purity. Their properties, alfo, in a lolid form, 
are not pariiculariy interefting; as moft of thefe maybe 
exhibited in a flate of folution. It may be proper, 
however, to (late, 

A. That they powerfully attraft moidure from the 
atmofphere, or deliquiate. 

B. J hey readily dilTolve in water, and produce heat 
during their folution. 

C. They are not voJatllized by a moderate heat, 
and hence have been called fixed alcalis. 

Pure Ammonia. 

I. Ammonia, in its purefl form, fubfifls in the (late 
of a gas. In order to procure it, one of the following 
proceffes may be employed. 

A. Mix together equal parts of muriate of Am;nonia 
and quicklime, each feparately powdered ; and intro- 
duce them into afmall gas bottle or retort. Apply the 
heat of a lamp ; and receive the gas, that is liberated, 
over mercury. 

B. To a faturated folution of ammonia in water, or 
the pure liquid ammonia, in a gas bottle, apply the 
heat of a lamp, and collect the gas as in A* 

2. This Gas has the following properties. 

A» It has a (Irong and very pungent fmell. ^ ♦ 

B. It immediately extinguilhes flame; and is fatal 
to animals. 

C. It is lighter than atmofpheric air. Hence a jar 
filled with this gas, and placed with its mouth upwards, 
is foon found to change its contents for common air, 
which, being heavier, defcends, aad difjlacw x.\x^ ^\:^- 
moniacaJ gas. 



D. Iiisnot inflanimable ; nor does it explode wbct 

mixed wiib hydrogen gas. 

E. Jl is rapidly ablorbed by water. A drop or iwa' 
orwater, being admicled to this gas, conlined - ' 
mercury, iKl: gas will be immediately abforbed 
the mercury wilt rili;, (o as to 6U ci.e whole of ihi 
provided the gaj be luificienily pure. Ice produci 
lame eff.ft, in a illll more remarkable manner. 

F. Waier, by faturation with this gas, acquin 
peculiar imtll ; and condilutea what has been callei 
liquid ammonia ; or, more properly, folulion a( pure 
ammonia in water. This folutlon again yields itg gili 
On applying heat, (fee Nu. I.E.) 

G. This gas \s ilecomimfed by elcflricity. Provide 
■ jar furnifhed with rwo conduflors (as detcribed, AtL 
VII. No, 3, E.) and having admitted about a cubic 

uehofammoniacal gas, pals through it a fucceOion of 



il dilcharges. When 
been i^alTed, ihe gas 
its original bulk. Admit, a fmall qi 



I (hocks have 



iied 10 thre 



of waiei*^ 

mpleiely abforbed 
by the~water ; but a part will remain. . Hence it ; 
pears that fon.e new gas has been generated ; and, 
examination, it is found to be a lulxiure oi hydrogen 
and azotic gaffes. 

H. The decompnfirion of ammonia may, alfo, bi 

ng, with the apparatus de 

ted foluiion of ammonia il 

infiderable quaniiiv of 



eafily (hewn, by Gal' 
fcribed, page 42, a 
water. In this experiment, ; 
gas is produced. Expnie this 
ret of pot-a(h, A fmall parti 
oxygenous gas. The remaindi 
and aiocic galTci. 



of fulphi 
I ivill difappear, beings 
onfiils of hydrogcuoat' 
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Aciilijiahle Bcdies^^Acids'-^Cjmbinations of Acids ixitb 

A kalis. 

Art. XI. Acids in General, 

Acids in general have the following properties : 

A. I'hey redden (vegetable blue colours. Hence Llae 
vegetable infufions, and the papers (Gained with them, 
are telhof the prefcnce of acids. To a little of the 
infufion of litmus, add a drop of dilute fulphuric, or 
any other acid. The colour will immediately change 
to red. , 

B. They have a peculiar tafle, exprcffed by the terms 
acid or four. 

C . They combirfc chemically ivith alcalis, and totally 
dejlroy the peculiar properties oftho/e bodies. Let a few 
ounce meafures of water be tinged blue with genuine 
fyrup of violets. Add fome folution of pure pot alb, 
and the colour will become green. Then gradually 
drop in fulphuric acid, much diluted; and if this be 
done very cautioufly, the blue colour will be reftorcd. 
In this ftate, neither the alcali nor acid is in excefs ; 
or, in other.words, they are txz^\y fat urate d with each 
other. One of the moft remarkable properties of the 
alcali and the acid, when feparate, difappears, there- 
fore, on combination. And, on further examination, 
it will be found that all the other charafteriftics of the 
components are lofl iii the compound. 

Art. XI I ; Carbon — Carbonic Acid — Carbonates^' 
Other Binary Compounds of Carbon, 

I. Carbon is obtained, though not ab(blutely pure, 
yet fufficitntly fo for the purpofes of exhibition, by char- 
ring, in a covered crucible, pieces of oak, willow, 
hazlc, or other woods, from which.the bark has been 
previoufly peeled. For purpofes, to which it is appli- 
ed in a powdered flate, it (nay be purifiedj by powder- 

E 
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iflg It, an<I walhing it dift with diluE 
■ ID ftparaie any earths it Inay contain 
with repeated nffufions of diflilted water. 
z. In its aggregated (tate, carbpn ii 
feflly iiiipid, and free from fmell ; briltle, and eafiijf 
[iiilvcrized. ' 

Combination <f Carbon luilh Oxygen. 

3. IfB piece of charcoal be ir.troduced c \A \M 
oxygco'-us gas, ro etFeft will enfue ; but if Ihc diar 
coal be previoufly made red-hot, it barns in this gM 
with confiderabic biilliancy. T" perform this experi- 
ment with accuracy, and with the prupcj" attention to 
the produ£\9, it Ihould be made over mercury. The 
oxygen will unite with the carbon ; und the produft ii 
a compound of carbon and oxygen, which fubfifts oyer 
mercury in the Hate of gas. On this accoont no dimi- 
nution enfues, 

4. Anjther mode of effefling the 1 
boil with oxygen, is by driving the vapour of water 
.over red-h<>[ charcoal, in an apparatus (imilar to that 
defcribed, page 29, B. The water is decompofed 
its oxygen combines wiih the carbon ; while its hydro 
gen combines with another portion nf carbon, and ibrin*'' 
Jk compound, which will he hereaficr defcribed. , 

The union of carbon with oxygen, however prodll-' 
eed, furnilhes a compound, called 

CarbBtie AciJ, 
1. To procure carbonic acid, fufficientlj' pure for the, 
exhibition of its properties, neither of the above pro- 
ceiTes is advifable. The ftudenl majr, therefore, have:, 
recourfe to another, the rationale of which he will not*. 
at prefentundcrHnnd; but which will be explained af- 
lefward. Into a common gas bottle, put a little pow- 
dereil marble or chalk, and pour, on this, fulpharJC 
acid diluted with 5 or 6 times its weight of water. A 
gas will be produced, which thofe, who have an oppor- 
lunity, may receive over mercury ; but a mercurial 
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ppariiua is not abr'lulely elTifniial i fiace thtgatn 
e colledled over water, i( ul'rd immediately when pro- 
nrwk Its properties are the following ; 

A. It eMi'iguifit, fame. Set a vrffel, fil'.eJ «.iih ih« 
ss, with its mouth upwards, and lei down a lighted 
'le. The candle will ioftaiiity be exiinguiftied. 
, It is falsi to taimaU, Put a moufe or other fnuU 
nimal into a velTel of the gas, and cover the vdTcl to 
Tevent the contafl of comiaon air. The animaJ will - 
n the courfe of a minuie or two. 
. Tbii gai ii hcaiiier than ccmmsn air. Let a long 
;la(s tube, piaceeding from a gas bottle containing the 
naterials (No. i.) be twice bent at light angles, like 
hofe figured in Lavoifier's 4ih f\i\t, fig. i, E. Let 
he open end of the longer Irg reach ibe boiiom of a 
;laf!jar, perfeflly dry wiihin, and Handing with its 
lomh uppermoft. Thecarboiilc acid will expel the 
lan air from the jar, becaufe ic is heavier, Thi) 
ior gravity may be further fhewn as follows : When 
r is peffefily filled wiih the gas .(which may be 
n by a lighted candle being inftaoUy extinguifheJ 
'hen let down into it) take another jar, of ra'hcr fmiU- 
r lize, and pi ice, at the bottom ofit, a lighted taper 
ippr<r:ed by a (land, Then pour the contents of the 
:rli mentioned jar into the fecond, as if yojwHe pour- 
ng water. The candle will be iniUmly cxunguiftied, 
■ eFeftually. as if it h.id been immerled in water. 

is owing to its fuperiur gravity, t'lai carbaroc acid 
3 often found ai the bottom of deep wells and of 
;s, the upper part of whi ch is entirely free from it. 
leoce the precaution, ofcd fay rhe finkers of welU, iH" 
tiling down alighted candle, befoie ihey venture ti> 
lefcend in perfon, 

D. CarhoHtc aciJ gas ii ab/crbcd by lualtr. Fill part- 
" "" with this gas, and let is ftand a few hours over 
An ahforption will graJually go on, till at I aft 
B will remain. This abroipiion is infinitely qiiick- 
n agitation is ufed. Repeat the above expeii- 



5-1 

-Wkh this ditference. that the jar miift be Ihakcn 

Arongly. A very rapid diminiKion will now take place. 
Id this manner water may be charged wiih its own 
bulk ofcarbunic acid ga; and it acquires, when thui. 
facaraied, a very briflc and pJeafani lafte. This im- 
pregnation iffmoft conimodioufly efFefled in an appara- 
tus, foldin the glafslliops, under the name ofNooth'l 
machine. 

B. From water, thus impregnated, carbonic acid is 
again fet at liberty, on boiling the water, or on expo- 
fing it under itie receiver of an air pump. During ex- 
hauflion, the gas will efcape forapirfly, as to prefent 
the appearance of ebullition ; and will be much mor^ 
remarkable than the dKcharge of air from a jar full of 
common fpring water, confined, at the fame time, ua> 
der the receiver, as a ftandard of comparifon. 
Caricsic acid gat. 



nddens 'vrgdabli hlue cokars. This maybe fhown b^ 

"" ' , Into water thus faturatcd, a bit of litmus pw 

by mixing, with a portion of it, aboDt an equal. 



bulk of ihe infJBon of litmus. This fafl eftabliflici th^' 
lideof ihega; to be ranked among aci^s, 

G, Ciirooniir aciii gas piecipilaia lime luatir. This 
charafler of the gas is necelTary to be known ; becaufc 
itaffiirdsa ready teft of the prefence of carbonic acid, 
whenever it is fufpeflcd. Pafs the gas, as it proceed^' 
from' the materials, through a portion of lime watfr, 
This, though perfeSIy tranfpareni before, will inftantl^ 
grow milky. Or mix equal meafures of water faiuratei 
with carbonic acid, and lime water. The fame preci* 
piiation willenfae, . 

• II. By tht application Df fhs tcft G, it 'viiU le ftiitniti 
that carionic aeid ii generated in fo'veral cafei of ccmhuf- 
tien. Pill the pneumaio-cliemical trough with liiliit 
water, and burn a candle, in a jar lilled with atmofpha^ 
ric air, over the lime water, till the fiaire iseJiticgoilh-' 
ed. On agitating the jar, the lime water will becom* 
inilky, — The fame appearances will take place, tnor» 
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fpeedily and remarkably, if oxygenous gas be fubftita- 
ted. Tbe carbonic acid, (hi>s formed during combuiii- 
on, by its admixture with the refiduary air, renders it 
unfit for fupporting flame, fooner than it cthcrwife 
would be. Hence, if a candle be burnt in oxygenous 
igas, it is extinguifhed, lon^ before the oxygen is total- 
ly abforbed, becaufe the admixture of carbonic acid 
with oxygen gas, in conAderable proportion, unfits it 
for fupporting combudion. Whenever any fubflance, 
by combuftion in oxygenous gas or c- mmon air, over 
lime water, gives a precipitate, foluble w'th cfForve- 
fcence in muriatic acid, we may confidently infer that it 
contains carbon. 

1. The. refpiration of animals is another f cure e of car " 
honic acid. On confining an animal, in a given por- 
tion of atmofpheric air, over lime water, this produdi- 
on of carbonic acid is evinced by a precipitati>n. The 
fame efFedl is, alfo, produced more remarkably in oxy- 
genous gas. The produdlion of carbonic acid by re- 
fpiration, may be proved, alfo, by jJowing ilie air 
from the lungs, with the aid of a quill, through lime 
water, which will immediately grow milky. The car- 
bonic acid, thus added to ihe air, unfits it for fupport- 
ing life, not merely by diminifhing the proportion cf 
oxygen gas, but apparently by exerting a pofiiively 
noxious efFeft. Hence a given quanity of air wiilfup- 
port an animal much longer, when thecarboitic acid is 
removed as fail as formed, than when fufFered to remain 
in a (late of mixture. It has been found that an at- 
mofphere, confiding of oxygen gas, and carbonic acid, 
is fatal to animals, though it contain a larger propor-* 
tion of oxygen, than the air we commonly breathe. 

2. Carbonic acid gas exerts ponAjerful effe£is on li'viiig 
'vegetables . Thefe efFefts, however, vary according to 
the mode of its application. 

Water, faturated with this gas, proves highly nu- 
tritive, when applied to the roots of plants. The car- 
bonic acid is decompofed, its carbon forming a compO' 

E 2 
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nent part of the vegetable, and iis oxygen being libe- 
rated in 3 gafTcous form. 

On the contrary, carbonic acid applied ap an atmo 
phere, by confining a living vegetable in this gas ovt 
incfcury, 13 injuriou) to the health of the plant, efpi 
dally in the (hade. M. Sauffure, jun. found ihat a pn 
portion oFearbonic acid in common air, greater than 
one eighth, is always injurious to vcgeiaiioo ; but ifaat 
in this proportion it promotes their growth, and ii no* 
flifeAly decompofed. 

Carbonate! in Central. 

Carbonic acid is fufceptible of combination with i 

kalis, earths, and meiah, and forms an order of coi 

pounds termed carbonates. At prefent, however, vM 

ihall only attend to the refults of its union with aikalii 

Carlmnali nf Pot-ajh. 

A. Carbanic add gas ii •uiry ahunJaatly ab/orhed Bfi 
fikiimoffurcfBi-Djh. Theilmplcft mode of Ihewioj 

this is the following : Fill a common phial with thisgt 
over water ; and when full. Hop it by applying tb 
thumb. Then invert the bottle in a ibloiion of pnn 
pot-a(h, contained in a cup, and rather more in qaan 
lity than is fuflicient to £11 the bottle. The fulutioi 
will rife into the botile, and, if the gas be pure, 
£Ii it entirely, Pour out the alcatine liquor ; fill chl 
bottle with water ; and again difplace it by the 
Proceed as before ; and repeat the procefs feveral timet 
It will be found that the Iblution will condenfe 
times its btitk of the gas ; whereas water combint 
ly with its own volume. 

B. The changes eJiSed in the alcaU may next be ix» 
mined. It will be lound lo have loli much of its cor 
rqJive and penetrating laRe, and will no longer deftroji 
the texture of woollen cloth ; but it Dill turns green lh( 
Uuc infulion of vegetables. Before its abforptioa 
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[hji gu, no retnarkable change cafued, on mixiftc it 

wilb ijiiuletJ fulpliuric acid i but if this, or any otbcr 
Kid, be now added, a violem effctveicence will tti(oe, 
filing Irbm the efcape of ihe gas, that hid been prC' 
Vusaiiy abrofbed.. Itihemixlute be made inagM bot- 
lie. ihc gii, ihat is evolved, may be colle^cd, ftnd 
ttUi be found to exhibit every charader ol caibenic 
ictd. 

C. I Q (his Hate of combination with carbonic acid, 
pot-ath generally occurs in ihe arts. The poiaifa. and 
pearl-alh of commerce 1 and the fait of unar and filt 
of wormwood cf Che (hops, arc carbooacs of pot-il)) of 
diffetenf degrees of purity. The quantity of carbonic 
acid, conlained in thefe alcalis, may be learned by u 
Very Umpie cxpcriraent. Put ore or two hundred graits 
of the alcali ioco a Florence BaSk, and add a few 
ouoce meafures of water. Take, alfo, a phial fiilcd 
with dilute fulphuric acid, and place this, as wtll at 
tbe flaOc, in one kale. Balance the iwo, by pulling 
Hvigbt} into tbe oppoliie fcale ; and when the equili- 
brium is attained, pour gtsdually iK'e acid into the 
flaflc of alcali, t\\\ an efT^rvercence no longer cnfocE. 
When ihU hai ceafed, ihe fcale containing the weights 
will be->'found lo preponderate Thii fliewi that (he 
llcali, bf combination (vilh an acid, lores confiderably 
of lis weight ; aod tbeexafi ^mctmt oF tne lols may be 
aCceriained, by adding weights 10 the fcale containing 
the flafk and phial, till the balance is reflored. 

D. As it is fotnetimes of iraporiance lo know what 
proportion of real alcali a given weight of poi-a(h or 
pesrUalh contains, it may be proper to point out how 
thia information may be aeqoired. The ftrenglh of iho 
xlcaliis in proportion to ihe quantity of an acid requi< 
red tofalaTate it. Thus it an ounce of one kind of pot. 
alh requires, for fatnration, a given quantiiy of ful 
phuricacid; and an nunccj of another kind, requii 
Iwice that quaniiiy, the latter is twice as flrong aj 
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curate ftan da rd of comparifon. it will be neceffary o 
employ, conllanily, an acid of the fame (irengih. Thi 
may be efFe^cd, though not with abfolute uniformiiy 
yet fulHcieiiE for ordinary purpoles, by diluting ihi 
common oil of vitriol of commerce taihe fame degrea 
For example, let iheftandard of acid confift of one patl^ 
offulpharic acid, and five of water. The firengih a 
analcaliwill be learned, by obCening what qjaotit] 
of this acid a given quantity of alcali requires lor fatU' 
ration. For thia purpofe, put half an ounce of the a]< 
cal , or any other definite weight, into a jar with a few 
ounces of wa.ier, and RItre the Iblaiion ; weigh the di- 
late acid employed, before adding it to the akali ; ihei 
pour it in gradually, till the efTervefcence ceafes, an^ 
till thi coltiuf of litmu5 paper, which has bee^i reddetli 
ed with vinegar, ccafes Co be rellored to blue. Whei 
this happens, the point of faturation will be attaitie^i 
Weigh the bottle, to afcertaio how much acid has beci 
added ; and the lofs of weight will indicate the Itrengtl 
of the alcali. Another ]eCs accurate mode of determtA 
ing ite ftrength is founded on the following proper:; 
ef carbtinate of pot-afh. 

E. Larhonate effol-ap diffolijes -very readily in i 
lirt tiihich, at lie urdinary temperalure, lakel up t 
ihanili otun i>:eight. Hence,' when an alcali, whid 
Ihould confiH dlmulf entitely of carbonate of pot-afh, i 
adulterated, as very often happens, with fub fiances a 
little Jblnbility, the fraud may be detcfled by tryin] 
how mnch of oie ounce will dilTolve in two or thre 
ounce meafures of water. In this way, I have dete^l 
an aduhera'ion of one third. There are certain Tub 
fiances- of ready folobility, however, which may bl 
ufed in adulterating aihes, as common fait for example 
and, when this is done, we mud have recourse to 
above mentioned left, for the means of difcovery. 

F. Carbonate ofpot-afti, in the Itates which \ 
been already dclctibeH, is far from being compleielj 
biurated with acid. This fufliciently appears from ii 
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carbonate of pc:-a{h, which ccr.:air.5, pcrccn, 2,2 p.*-:* 
ofalcali, 43 cf acid, and 17 c!"*a:cr. I: ha* trcc- 
fbrc a mucn larger prcporricn cf water an- c: ac:J :han 
the common carbonate, loo psrzs of which arcr ccnpj- 
fcd of 70 pans of alca'i, 25 of aciJ, rnc 5 o: writer. 
G. The crvftallizcd carbonate differs frcm the crm- 

■ 

non one in the regularity of its form ; in the greater 
miJdr.efs of itstaliej in remaining dry when expoteJ to 
amoiil atmo/phere ; and in being more Iparingly lolu- 
ble in water, which at the ordinary temporaiure takes 
up only o^'e founh of its weight. When caret". :!Iy pr;!- 
pared, this is the pureil form, in wh ch carbonate ot 
pot-aih can be obtained. 

H. Carbonate of pot-afh. in all its forms, is decom- 
pofed by the ftronger acids, as the fulphuric, nitric, 
and muriatic, which unite with the alcali, and fct the 
gas at liberty. 

CarLonaie of Sc^a» 

A. The abforption of carbonic acid gas, by a folu- 
tion of pure foda, may be exhibited by cxpeiimcnti, 
iimilar to tbofe diredled to be made on the folution of 
po^a(h. Indeed every thing that has been faid of the 
preceding carbonate, will apply to this ; except that 
the carbonate of foda has a Icfs flrong afliniiy lor water. 
Hence ir c-intinues dry, when cxpCifed to th>' .'i i:iof- 
phere, and even gives up a part of its water of tryllal- 
lizaticn, the crylVils It fing tlicir tranfparcncy and f(;n)«:- 
thing of iheir weight. Hence, alio, it rerj'iircs a 
greater quaritity of water for fr^uiion, than conim^Hi 
carbonate cf pot-afh, v/ater taking up only half it'* 
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■flfajstr Thecryllals, too, d'tft-rconfiderably io foiin I 
aaJuEe from ihufe of the former carbonate. 

The carbonaie of foda h known in commerce by ihc | 
namtt of barilla, fgflil or mineral ajciili. Set. but aj 
applied lo the ufct of die arti it it never met with pure. 

Carhmate "J" Jaimoma, 

A. Ammonia, in its pure ftate, exifts in the form 
of a gas, permanent over Difrcury only; and caihonic 
acid has, alfo, the form of an aerial fluid. But wben 
ihefe two gaffes are mixed together, over mercury, in 
proper proportions, (viz. one meafute of carbonic acid 
to two or three of alcaline gas) they each quit ibe llaie 
of gas, afld arc entirely eun denied into a white folid bo- 
dy, termed carbonate of ammonia. 

B. Carbonateuf ammonia retains, in a conliderabic 
iJegree, the pungent fmell of the pure volatile alcali* 
It is, alfo, u like the mh«r carbonates, volatilized by 
a very moderate heaT ; and evaporates without entering 
pteviouQy intoal:quid Rate, The vapour, thai arifei,^ 

I may be again condenfed, in a folid ftate ; affording ■■ 
example of /aili/natioii. This may be Ihewn. by »pt 
plying heat to the carbonate of ammonia in a reton, 
to which a receiver it adapted. The carbonate will 
rife and be condenfed in the receiver in the form of a 
white croft. 

C. This carbonate does not attr.'ct moifture from 
the air, but oi the contrary, Infes weight, tts othep 
properties relemble thafe of the carboaales of pot alh, 
and foda. The mode of preparing ii will bodefcribeJ 
hereafter. 

niiuHiioii ofCarhon tuiih Hydregtii, forming fariati^- 

ud Hjdr&£taBus Gas. 
1. When water is decompolcd, by paffing its vapouii 
:r ted hot charcoal.* we obtain two diiFcrentprodua*i 

• SecLavoiGa'jElcmenCs, chapit 
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Carbonic »cid is rormerf, in conftquepce of ihe onion 
of che carbon with ihe oxygen of ihe water ; and ihe hy- 
drogen of the waier, combining with anoiher portion of 
carbon, conrtnutes the earb^ialed hydrogenous gai. 
The eaibrnic acid may be feparated by agitating the 
proJuced gas in cuniafl with lime and water, mixed 
together fo as to be of (he confiHence of cream j and the 
caibonated hydrogen gas will remain pure. 
2. This gas has ibe fiillowing qualities. 

A. // h nol abferUd by itialtr. 

B. h is infiammabU. This may be (hewn by burn* 
ing it in He manntr direfled in Art- vii. No. 3, B. 
The rolour oi the fiame, however, may be obierved to 
difl-'er from ;hat of hydrogen gas, inclining rather to ft 

C. Whinfnd o-vir mtrcury. carbonic acid gas oniiiia' 
Irr art the pnducls. In burning pure hydrogen gas, 
water only is generated I but in the combutlicn of this 
gas, twoinflamma'lebotlies are prefeni, via, hydrpgen 
and carbon. The production of catbiinic acid may, 
aJfo, be (hewn by burning the gas over lime water, by 
means of a blailder and bent pipe, as direfled page i.%, 
A. The lime water wlD foon baccme liiilky. 

D. Thii gas is heavier ihaa fure hydrogen goj, and 
even than common atmofphcric air. Soap bubbles, 
blown with it, defcend like the common ones; and a 
jarfilltd with it, and held inverted a few minutes, ex- 
changes in contents for common air. 

*«T. Xiii. Sulplmr— Sulphuric Acid—SulphaUs- — 

Binary compouadi of Sulphur. 

Su/phur. 

I. Sulphur oectiri in Kuio dijerentfortii! ; ihatofflow- 

tr» and of ftjck fulphur. The former is gemrally pu- 

kVi. 

z. Sulphur ii readily f«.fid. A very gentle fieat !i 
foScient to melt it ; and if very (lowly cooled, it forma 
Tc^lar cryClalg. 



•. SulpBiir ii vnhtilixii/ hy heat. A liltle fulphi 
mayJre put into ihc bottom of a [ube, ihe mouth of 
which ii loofely Itopptd with paper, to prt-veni the free 
accefs of air. On applying hcai, [he fulphur wiit rife 
to the top of the tube. 

4, Sulphur rim net il'/oI--Vi in water. 

5. It is inflammable. In [he open a:r, if burns with 
a blue Hame, and emits a very penetrating fmell. When 
burnt in a confined poriion of common air, an abforp- 
tion lakes place; but (he fulphur is exiingoifhed, be- 
fore (he whole of the oxygen is confumed. In oxygen- 
ous gas, it burns with a very beautiful and brilliant 
lighi; and the abforpTion is more remarkable, biit is 
lliil far from being complete. The produfl of both 
thcfi ccmboillons, is 

Sulphuric Ja\/.* 

I. Though this is not the mode, in which fulphoric 
acid is ordinarily prepared i yet ic will be proper for 
the chemical (Indent to examine the rcfult of this combuf- 
tion, on account of the fimplicity of the procefs. Let 
the glafs bell, under which fulphur has been burnt, be 
rinfed out with a little water. This water will have an 
acidlafle; will turn vegetable blue colours red; tnd 
will effervefce with carbonated alkalis. It i.s therefoKi 
an acid, and as it is campofed of fulphur and oxygen/ 
it is termed the fulpharic acid. The properties pf An 
acid mul^ be exhibited by a portion of that ufually faaod 
in the Qiops, or contained in the chclt. They are- aa 
follows. 

A. Sulphuric adJ has a thick ami eily coitfijitncti U 
may be Teen by pouring it from one veHel into anoi^r. 

B. /( it marly iiuice at hta-vy ai toalir, T^ii, wi(|, 
appear from weighing a fmall jihial iilled with [he acidii 
and afterward filled with dillillcd water. 

■ Much fulphuicQU! acid is, alfp, fitntVaSiri m Uicfi: prnctflit. 



C. 7a d fUre fi»H it h ptr/iSiy Umfi^ and 

1>, H-'bia Mtxid fiiLieienlj luilb lualer, tsv/derabU 
s pradsted. A diminution of butlc, alio enraea; 
hat is. one meafure of acid and one or ^watc^ do not 
ccupy the fpace of two irieafure), but conliderably lefi. 
Pwlng 10 iheheal produced by it; admivEure with vaa- 
;r, the dilution ftiooM be condafled very gradually ; 
nd the acid ftiiuld be adiied to the w^ter by foiall por- 
ion'i at cnce, aUowing each portion to cool, before a 
ie(h adiiii'on is made. On ihe principle of its attrae- 
n for wateri.is to be explained, alio, the rapid in- 
rreafe of weighi, which [h« acid acquires, when ex- 



acid remains quilt Dm' 
ric acid, however, com- 
r Ihe name of oil of vi- 



.fed t< 

E. Jperftaly fur, falpbaric 
\id during diluiien. The fulphu 

\\f found in the Ihop^, unde 
triol, on admixture with wa.ter, depoiits a white powr 
r, in confiderable quantii}', confillin^ of variuus im- 

F. Ta pm-ijy /ulphuric add, it muft be dillilled in a 
|1af« r«tori, placed in ihc fand bed of a reverberatory 
irnace. This proccfs is a very difficult one ; and aa 
lexperienced ChemilLfliould,' therefore, not aiiefflpi 
l> It may be lefs perfectly purified, by diluting ic 
'ith an equal weight of water ; allowing the impurities 
) fettle ; decanting ihe cleJr iiqu'>r ; and evaporating 
;, to the proper degree, in a giafs vefTel. 

G. Sulf baric acid ii dscempojed at the temperature sf 
itaimo/phirf, h;^ infiammabie fubfinnic!, and acquires a 
i«rk tehur. The addition of a liiile brown Ibgar, or a 
Irop of oil, to a portion of the acid, imparls to it ft 
brownilh hue, which in time changes to black, Hence 
thit acid fhnuld alwayi be kept in bottles wit}i ghfs 
,'floppers i for a fmall bit of cork, if dropped intoacon- 
liderablc quaatiiy, changes it in the maimer that has 

llbees pointed out. 



2icam}iipdbj etmi'JI:hte%eiiits. luio a glals reior 
Aich 4 quaniity of iulphuric acid, as will fill about one- 
fburlh part of ic ; and add a fmall porlion of powdered 
Charcoal. On applying the beai of a lamp, gas will be 
produced very ahundanily. Let ihia gas be conveyed, 
by a lube fined to the mouih of a retort, and bene in the 
proper manner, into an inverted jar, of water ; or, if 
it can be haJ, into an inverted j:ir of quickGlver, in 
a raercuria! apparatus. During this operation, the car- 
bon aitradls part of the oxygen of the fulphiiric acid, 
and furms carbonic acid gas. But the fiilphur ia not 
entirely difoxygenaied ; and a compound is, therefore, 
formed of fulph'irand oxygen, containing lefs oxygen 
than the fulphuric acid. T'an compound exifts in ttie 
Itate of a gas, and its propeities may next be examiit' 
ed. To avoid, however, the complication, which the 
admixiure of carbonic acid with this new produfl in- 
troduces into the experiments, it may be proper to pre- 
pare it in a mode lefs objeflionable, but the rationale 
of wliichcinni't at prefent be explained, This confifta 



in difTolvin; 



1^ one par: by weight of quickfilvt 

- ' -.d boiling the mafs to drynefs. The 



Iblphi 

dried mafs. Hill 
dinilled in a (lraD£ fand heal ; a glafs globe being in- 
terpofed between Uie retort and the receiving trough, 
to coodenfe any fulphuric acid that may cfcape deeom- 
pofition (feeLavo;ficr's4th plate, fig. i.G). ThegM 
thas obtained, is termed, conformably to the princi- 
ples of the new nomenclature, — 

Sulphumm scU Ga$. 

ItJ properties are the following. 

A. It has a pimgenl find /lijicaling /mcll, exaflly re- 
bmbling that which arifes Irom burning fulphur. 
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6. //> is bea'vier than atmo/pherical air. 

C. It extinguijhes burning bodies ^ and kills animals. 

D. /f has the property of ivhitening or bleaching Jilk, 

E. // is ah/orbed by 'water ; but only in imail pro- 
portion. 

F. This watety folution does not redden infujion of lit- 
mus, as acids in gemral do^ but totally deilroys its co- 
lour. 

G. Sulphuric acidt Jaturated *with this Gas, (which 
jnay be efFf*dted bv prifing the gas through the acid) 
acquires the property of ajfuming afolidformy by a mode- 
rate reduAion of its temperature. 

H. Sulphureous acid is again con^uerted to the state of 
fulphuric, by refioring oxygen to it. To a portion of wa- 
ter faturated with this gas, add a little oxyd of manga- 
nefe^ a fubOance that contains much oxygen loolely 
combined. The pungent {m< 11 of £he water, and the 
other charaftcrifiics of fulphureous acid> will foon difap- 
pear. 

Both thefe acida are fufceptible of combination with 
alkalis. 

Combination of Sulphuric Acid lAjith Alkalis * 

Sulphate of Pot-ajh. 

This fait may be formed by faturating the CJirbonate 
of pot-alh with fulphuric acid, and cryftalizing the fo- 
lution. lis properties are the following. 

A. It cryflalli7Les\x\ fma'l fix fiJed prifms, termina- 
ted by iix-iided pyramids, with triangular faces. 

B. // has a bitter tafte. 

C. It decrepitates, or crackles, when thrown on a red 
hot iron, or on red hot coals, and is volatilized in a 
firong heat. 

D. Water at 6o^ of Fahrenheit , takes up onlf one-fiX" 
teenth of its ^weight ; but boiling water diflblves one- 
fifth. 
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too pans conti 
and 5.1S water. 

G. Tbii fiilfhate ii Jieomfe/id, in high lemptratarti, 
fy farina. Mix any quantity of ihelali with one-tbunh 
of its weight of charcual finely powdered ; and expofe 
the mixiure, in a cracible, to a Arong heat. The car- 
bon will unite with the oxygen of the fulphuric acid, 
snd will cfcape in the date ai a g:is. What remaini is 
a comptiiiiK), hereafier to be defer ibed, offulphui and 
pot-aih. 

Sutfhalc efScJa. 

A. This fait farms regular oflahedral cryflali, of a 
prifmatic otCQneifotm figure, the two [crminating py- 
ramids ai which are truncated near their balis. 

B. It ha« a more bitter lalte than the preceJiitg, and 
melt) more ealily^n [he mouth. 

C. It fwells upon a healed iron, In conrtqaence of 
the lofsof itswaier of cryftallizatio^, and a white pow- 
der is left. 

D. By expofure to the atmdfpliere, it efflorefcra aaj 
LfcB weight, 

E. It li very foluble in water, 3 parts of which st 
60° of temperature, dilTolTe one of the fait ; aod 
boiling water diffolves its own weight. 

F. It contains per cent, i+acid, 22 alkali, and 6^ 

G. It is deeompnfcd by charcoal lilte the preceding 
fall, and a compound rirmains of fulphur and fada. 

Sulfhatt of jimmtnia. 

A. The fulphaie of ammonia forms long flattened' 
ptiiioi wiili fix fiJes terminated by fix-lidtd pyramids. 

B. hillghtly atiratli moifturc from ihe air. 

C. [t liqiiefies byacentle be.it, and is volatiliaviit: 
IfaftrOBger heat beapplitd, it iidecompofed, SteMrV 
Hitch^it's piper in Piiil- T'^afis. I79^< or Dawy'i Ro- 



f D. The pure fixe.3 alkalis. '_ 

rthe fiilphurk acid, and fct at iiSerty the itkali. 

M ftrong fmdl of ammonia anfcs, on ilie adnilxmrc oi 

\y.ue foda or po;-ath wiih [his (nh. 

The combinatioEis o{ fulphurcou; acid with alkalis 
liave no peculiar quaJiiies ihai are likely to prove in- 
' terefiing (o the general lluJent. Thole, liowevcr, who 
^ay with lo purfue thh fubjetft, I refer to fume int^ll- 
ng paj'ers in Che Annales^e Cliiinie, voU. i and 14. 



Binary Comptundi oj Sulphur — \ft. With Jtkalii. — 14. 
Wiib Hydrogen. 



I Thecorabinaiioiis of fulphur with ihe iwo fiNed alka^ 
I lis, foda and pot-ttfli, are fo (imiJar in |>roperiics, that 
«tha[ ia faid of ihe ore will eqoally apply ro ihe Other. 
I. Sulphur may be united w\i.\\ ihel^ alkalis, either 
fia the dry or huraid wiy. To prrpare a fjlphu"et, in 
me ivy way, mix equal parts offulphur and of catbo- 
Jtaie of pot-alh or foda, in a perfeAI)' dry Aaie ; and 
^fe the mixture in a crucible. The melted mafs, when 
ipoured out, will have a reddilh or liver colour. Or, a 
iolphureC may be fornied by the decompi.fiiion oiTuU 
ll^atea by charcoal, fee preceding G. The proce's, 
Sn ihe miiift way, confilia in boiling together flowers of 
jblphur and a folution of pure pot-alli or foda in a glufs 
'" "■:!. The fulphur h thus dilTolved. 

. Sulphurets of alkalis ha.ve the following qualities. 

,. Ih a meidfialt they emit an oftn/i-ve jmell, atj 

t a difagrtiahU taflt. 

. They change re green tie colour sf -vhliti, in the 

; manner as uncombined alkalis. 

:. Thsy blaekcnthejkin. lilk, and other animal fub- 

ces. 
Ji,_7htyaredec6mpo/edhj all acids. Into a Nooth's 
bacbinepDC aweak folution of fulphurei of alkali, and 
pis Ihroogh ic ftreame of carbonic acid gaa. In the 
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courreofa few days, ihe (lilphur wjll be precipitated, 
1 a carbonaieof alkili obtained. This detompofi. 
^ tion enfues, inflanily, on additig, Co a foluiion of a fuli>^ 
ire(, anyo! ihe (tronger aeidi. as the folphuric, ni- 
', or muTiaiic; and we obtain a compound of the 
alkali with, the refpeftive acid eoipIoycJ. 

E. Tht liquid /lilf hum t tihfirb exygeioai gai. Th'lt 
may. be (hown by ihe experimenis already defcribed. 
(Art. VI.) iTthe change ihn effefled be examined, it 
will be found that the oxygen has combined with the 
fulphur, and formed (ulphurk acid, which, uniting 
with Che alkali, has compofed the fulphate of pot-a(h. 
P. If dilute muiiaiic acid-be poured on the foluiion 
offulphuret of pot-afh or foda, a violent efFervefoence 
will enfue, and a very ofFcnllve gas be difengagedi* 
ThU gas may be collcfled over water- It is termed 

Sulphuraltil Hydrogen Gas, 
I. This gas may be obtained in the foregoing man*, 
ner ; or from a mixture of three parts by weight of troa> 
filings and one of fulphur, previouHy melted togetlier 
'in a covered crucible. A portion of the fufed mafs msjr 
he pot into a gas bottle, and diluted fulphuric or ia», 
riailc acid poured on it, which will extricate tbe fnli 
phutaied hydrogen gas. 

z. Its properties are the following: 

A. /« /ue// is extremely oflcnfivc, refembling thai 
of putrefied eggs. 

B. //// inflaminahk, and burns either filenlly orwitb 
an expli'fion, accordingly as ii 'm previoully mixed oi 
not with I'Xygen gas or atmufpheric air. Daring ^ 
com bud ion, water refulis from the union of the hydri 
gen with the oxygen) and fulphuric and fulphureoi 
acids from that of the oxygen and fulphur. 

C. // tarnipti filijir , mercury, and Other poliflietl 
metals, and inktanlly blackens white paint. 
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itahfarbe^hy tuater, which thus acqolrci ihe 
MGuIiar rmell of the gas. Ii is this gas which gives to 
; Harrogate, ani3 lame other natural waters, ihtir 
ptculiar fmell. 

■ Wiaer fataraitd luith ihit gas turns gmn the iafu- 
> efminhii, in this refpeA producing the clTeA of an 
Ifcali. 

It is cafieufly ahfiirbed by alkalis, which (ho* ac- 
: colour, fitiell, and the properly ofdiminifliing 
[ygen gaa. The compi>undj ut'chU gas with alkalis 
e termed hydro fglphurets. Thus, Uie compound of 
is gas wit-h pot-a(h is named hydro liilphurei of pot' 
h, and dilfers from the fulphuret ofpot-alh. in con- 
bning hydrogen befides fulphur. From thefe combi- 
Vioni, the gas is liberated by acids. 

Art. XIV. Ccathhalicn of Axon luiib Oxygn, ConJli- 
luting Nitric A<id — Nitrout Gat — Nitreiu Qxyii^-and 
Cmpnundi cf Nitric Mid •ailth Alkali,. 

. The direfl combination of 
brding a decifive fymbetic pro 
ad, may be etfeiUd by palling the eWlric Ihoclc 
iTOBgh a mixture of azotic and oxygen gaflei. The 
rcitmfiances of this experiment, however, cannot be 
laddftood without the aid of a plate, and of a veryde- 
lUed defcription, for both of which I muH refer to Mr. 
i^«ndilh's paper in the Phil. Trans, for 1785. &c, 

z. The analyfisoftheaeid maybe obtained by drj- 
ing it through a red hot porcelain tube, and receiving 
leeenecated gafles, which turn out to be a mixture of 
lOUC and oxygenous gaffes, 
3. The nitric acid has the following properties. 
1^. It it htaniisr than ■water, in the proportion bf , 

B. It is ptrftaty limpid and cakarkfi. 
C> It givti ayilltrv) Jlatn t9 ihijkin. 
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reddened. 

G. That the peculiar aciJ, ihvs pruductd, h the m- 
irtui, will appear fiom the ( Iliiwingcxpertmeni. tn- 
I'Jajar filltj with, and inveried in mercury, pafa a. 
fmJJ quaniiiy ol a Tolulionof pure pni al>i ; and after- 
wards, mealuies of oxygen and nlirou; gaflcs, fepnrate- 
ly, and in prr-per piopiirtion. On removing the folu- 
lion froiii I'.c jjr ; cvpiifin^ It, for fome time, to the 
aimofphere; and alterwardt evaporating il, cryftals oE 
nitrate of pat-aih will be tormeJ, a faUwhkn is aTccr- 
taincd Cf> be formed of pot-aili and nittons acid. 

H, Niimiigti! iseL/crbid bynUricadd. whicTi, by 
this abforptton, is confi jerably changed in its proper- 
ties. Pafs tbe gas, as it ilTues fri'm the materials that 
■ikird it, through colourleis nitric acid. The scid will 
undergo fuccelfive change; cf colour, till at lail it will 
become orange culouted and fuming. In thij ftate il 
jicalled nitrnus acid, becaufe it contains a lefs propor~ 
lion of oxygen than the colourlefs nitric. 

I. Thi tilroui gai, ibiii eihforbeii, ii expeUcd again, S^ ■ 
» gintli heat. This may be Ihewn by gently heatintr 
the acid coloured in expt. H, till it again becomes tim^ 
pid. In ihisexperim'^nt. light (hould be extiDded.' 

K. Ni/rou! gai ii deompajfd, hy exptfun to badin rM^ 
ba'ae aftrsig affinhf for sxygt/i. Tims iron filtagi de- . 
compore ii, and become aayded, affording a prnof of 
the prefence of oxygen in this. gas. SuIphureC of pot- 
at. Sec. have a fimilar effeft. 

L. Nitrous gas is ahfirbtd by lbs grern fulpbiat ant 
wfuriati o/inm," ivhich do not abforb azotic gas. To \ 
afctnain, therefoie, how much azotic gas a given 
quantity of nitrous gas contains, let it be expnleiTio ■ 
graduated tube over one of thefe fnlniions. This I 
formation is neceffary, prcvioudy to deducing, from 
cffeftt on atmofpheric airl the propottion of oxygen g: 
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frtef if tie (iiijliiulimi ef nitrautgas, we owe to Dr. 
MiJner, ai Cambriage*. ]n(o *n eatthcn lube, about 
30 inches long, and \ inch wide, open *| both ends, 
put ai much coarlely powdeied mangaticie, u ii iiifi* 
cieot nearly to lill it. Let this be placed, botizunial- 
]y, in a furnace, having two openings appofile to cadi' 
uther- To one end ai the «:irihen lube adapt a retort, 
containing a Itrong Clution in w^ter of pure aominniai 
and to the other a bent glafj tube. Lei a &re be kind-i 
led in the luinace -, and when tbe manganerc may bs 
fuppoleJ to be tcil hot, drive over it the vapour 0* tlio 
ainmonia. The alkali wiU be decompofed ; its hydro J 
geoi uniting ivith padof the oxygen combined tvith iho 
manganefe, will form water; while ils azoic, uniting 
with another portion of th« oxygen, will conititote oi-- 
uoo&gas. ThegaE. thus generated, may be coile^etl 
b/ the^Tual apparatus. 

N. Atmhcr fad, Jhtiaing she mnlsa! rflatiM ef am- 
MiHia anJ ef ihi cemftunds nf axetc, ivas difwutrcJ^ 
fimeyears age, lij Mr. If'm. iliggi/ii.f Moillen ibma 
powdered tin (which is fold under tiiis name by iha 
draggiils) wiih-tlrong nitric acid; and when the ret) 
funics have ceafed to ari(e, add fome quitk-time, oi, 
fo!u:ion of pure pot-alli. A ftrong fmell of ammonia 
will beimmeJiate4y pioduced. 

Ga/ceai OxyJ n/ Jzaie — Silrout Oxyil of Datij. 

|. This compound, aUo confiding of oxygen andt' 
azote, but in different proportions, may be obtained hj. 
fevetal proceffes, ' 

A. Byejtpofing common nitrous gas, forafewdays, 
to iron filings, or to various other bodiee llrongly ac' 

» Phil. Trans. 1789. 

-I- SeehLsCcmpaMliveViewofthePhloglllk and Ajitl-Phl*' 

^ij^fc - X IiM r ijiyaA^hiWi t>^. y^, ^^ . -. 
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iraCIing oxyfcn, this gas is changed into the gaSttrn 
oxyd. 

B. By diffolvlng zinc or lin in dilute nitric acid, — 
But by neither of ihefe proceffes, is the gas obtained 
lufficientiy pure, for exbibiiing its qualities. To pro- 
cure it in a state of purity, the following procefs is the 
beft. 

C. To dilute nitricacid, add carbonateorammsnia, 
til! the acid is faturated. Then evaporate the Coluiion; 
and tofopply (he wafieof akiali, add occafionaliy a lit- 
tle morf of the carbonate. Let ilie folution be evapo* 
rated, by a very gentle heat, to dtynefs, The fait thus 
obtained, is next lo be put into a glafs retort, and dif- 
tilled with a fand heal, not exceeding 500° Fahrenheit, 
The heat of an Argand's lamp is even fufficient. The 
ga; mav be collefled over water, and allowed to (land 
a few noars, before it h ufed ; during which time it 
nill depofit 3 white cloud, and wUl become perie£l!y 
tranTparent. 

The gas thus obtained, was termed by the fociety of 
Dutch Chemifls, gafeous oxyd of azote, but for the fake 
of brevity, and as more conformable to the nomencla- 
ture of other compcundsof azote, I Ihall ufe, with Mr, 
Divy, the name of nitroui oxyd,* 

Thi» Gas has the fallowing propertict. 

A. J CanJli burns >n this ^as with a brilliant flame 
and crackling noife. Before us exiindlion, the white 
inner flame becomes furroundcd with an exterior blue 
one. 

B. Phofphorus introduced into it in a state of inflam- 
naiion burnj with increafed fplendor. 

C. Sulphur, Introduced into it when burning with t 
Jceblc blue flame is inllantly exlingoiflied. But when 
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ate ofafttve inHammationi-i't boras with a. vivid ani 
bcftuliliil rofe coloured flime. 

, Jfsa'iw i-i.i;-^Wburn! in it more brilliantly than 
in Ihe atmofpherc. 

E. Ireir tciri burns in ihi« gss wiih much the Tame 
•Ppearances as in oxygenous gas. 

F. /( is rapiJly ahprhfd hy mialcr thai hat bicn prtvi- 
xtafy ieHcd, about j\ the original bulk of the gas re- 
imatning uncondenicd. A quantiiy of gas, equal lo ra- 
ther more [ban iialf the bulk of the water, may be ihua 
■H^Io difappear. 

■ O. tfater, ihat hai han famr.ved <aiiih thi'i gai, givei 
fPKt again, iinchangta, ivhen htattii. 

H. It Jeci not chengf ilif 'atgelakh eohitrs. 
, I. Jt hill a dijUnS/jj-vJicf tajfe,iad a fiiai bat igtet' 
able odoor. 

, Ii is Kot dsminijlud by admixture wit^ cither osy- 
igen or nitrous gas 

L. AmixluTi efthitgai -ujilh hydrogen gai , delonatet 
hkitj. 

M. Animals, ■uihm rjihally eanfined iu ihii gai, die 
^idiiy. 

Nt One af ihr Kitfi exIfaordlitBiy propirtiis tf this gai 
txhiiiitd IB in ailien ov lie bumai hv<iy,iukenrt(ii'ved 
inn the lungs. When thu? employed, it does not prove 
CttsI, hecitufe, when received into the lungs, it is mix- 
ind ditutfd with the almofphericsl air, ptefent In 
that organ. To adniiniller the gas, it may be inlro- 
doceJ intoan oiled (i:l( ba^, or clean bladder, furnifh- 
ith a ^bjp-cock ; andrniyhe b.ealhed repeatedly 
ihe bag, and back again, as long at it will Ult. 
\ The fenfaiian!, that are pn-duced, vary greatly in per- 
fons of different con(li(iiiicin s but in general, they are 
\ highly plea I'll rable, jnd refemble thofe attendant (m ihe 
t pleafant period of intoxication. Great exhilaration j 
\ an irrefiftible propenfity to laughter ; a rapid flow cf 
^ vivid ideas ; and an unu'iial fitnefa for mulcular exer- 
, are theordinaiy feelirgsit produces. Thefeplea- 
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fant fenfaiions^ it mufl be added^ are not fucceeded, 
Jike thofe accompanying the groffer elevation from fer- 
mented liquors, by any fubfequent depreffion of nervous 
energy. 

O. From the experiments of Mr. Davy, it appears 
that lOO parts by weight of this gas contain 36.7 oxy- 
gen, and 63,3 azote, or excluding decimals, 37 oxy- 
gen and 63 azote. 

Nitrate cfPot-aJh. 

A dirc6l fynthetic proof of the compofition of this fait 
may be obtained by faturating nitric acid with pot-aih, 
either pure, or in a carbonated (late. The foluiion on 
evaporation yields cryflals of nitrate of pot-a(h, or nitre. 

2. This fait has the following properties : 

A. // cryftallixes in prifmatic odlahedrons ; general- 
ly condituting iix £ded prifms, terminated by two- 
fided fummits. 

B. For/oluticn, it requires feven times its weight of 
water at 60^ of Faht. and boiling water takes op its 
own weight. 

C. By the application of a gentle heat, it fufes, and 
being cad in moulds, forms what is called Sal Prunelle. 

D. If a red heat be applied, nitrate of pot-ajh is de- 
compofed, in ccnfequence of the dcJlruSlionof its acid. By 
diililling it in an earthen retort, or in a gun barrel, 
oxygenous gas may be obtained in great abundance, 
one pound of nitre yielding about 12000 cubic inches, 
oFfufllcient purity for common experiments, but notfcr 
nice purpofes. 

ll. Nitrate of pot'ojh, that has been made red hot^ 
f terns to contain an acidlefs highly oxygenated than tht com^ 
mon ?:itric acid, and having a weaker affinity for alkalis* 
For if acetic acid be poured on nitre, that has been 
thus treated, the nitrous acid is expelled in red fumes ; 
whereas common nitre is not at all aFedled by acetic 
acid. 
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F. Nitrate cf pot-ajh is rapidly decompoftd by charcoal. 
This may be ihewn by mixing two pares of pcwJered 
nitre with one of powdered charcoal, and fetting Jire to 
the mixture, in an iron veffel, under a chimney. The 
produfls ot this combuilion, which may be colleded by 
a proper apparatus, are carbonic acid and azotic galfes. 
Part of" the carbonic acid, alfo, remains attached to the 
refi'Juary alkali, and may be obtained trom it on add- 
ing a ihonger acid. 

G. Nitrate of pot-ajh is alfo decompofed by fulphur* 
M.ix powdered nitre and fulphur ; and throw the mix- 
ture, by little at a time, into a red hot crucible. The 
fulphur will unite with the oxygen of the nitric acid, 
and form fulphuric acid ; which, combining with the 
pot-a(h, will afFord fulphate ofpot-alh. The produC'- 
lion of the latter fait will be proved, by diflblving the 
nafs remaining in the crucible; and cryftallizing it, 
when a fait will be obtained exhibiting the characters 
defcribed. 

H. A mixture of three parts of powdered nitre, two 
of carbonate of pot- afh, or common fait of tartar, and 
one part of fulphur, all accurately mixed together, forms 
xhe fulminatitig poijcder, which explodes with a loud 
noiie when laid on an iron heated below rednef^. 

I. A mixture of five parts of powdered nitre, one 
part of fulphur, and one of powdered charcoal, com- 
pofcs gunpo'wder^ The materials muft all be very finely 
powdered feparately ; 'then mixed up together ; and 
beaten with a wooden pedlc, a fufficient quantity of 
water being added to prevent an explofion. The mix- 
tare muft afterward be granulated, by pailing through 
£eves, and dried. 

K. Nitrate ofpot-ajh is alfo dccompjfed by fulphuric acid. 
Put fome coarfely pounded nilre into a retort, with 
half its weight of fulphuric acid ; adapt a receiver ; and 
apply heat. The nitric acid will pafs over into the re- 
ceiver ; and, in the retort, will remain a compound of 
pot-alh and fulphuric acid. 



Nitrate of foija is a fait not poffclTsd of any propemn 
thai are generally interfiling, h may be lormcd, by 
faiuraling nilric acid wilb carbonaic of foda, ur bj' dif- 
liiling COjnman fall (muriaic of foda.) with nitric acid. 

Nitrate sf Jimnania, 
This fait derives importance chiefiy from its appli- 
tation to the pBrpore ot"ob:aining niiroas oxyd ; anJ, 
■1 the meihod of producing \i and of obtaining from it 
the nitrokis oxyd, have been already defcritjed, it is 
Bnnecefrsr}' luadd here any thing more concerning it. 



I, The muriatic acid, in iis pureft form, exills io 
the (laie of a gas, permanent nver mercury only. For 
exhibiting lis properties, [herejbre, a mercuria! appe- 
raius is abfolniely necelTary. 

- 2. Muriatic acid ga^ may be obtained, moftcomma- 
dioufly, from dried muriate of foda, in a gas bottle, 
witbbalfiis (veigbi offlron^ lulphuric acid, tt exhi- 
bits the rollotving properties : 

A . It hai a •very pangcnt Jmell. 

B'. Winn brcugbt in cuvtaS ivith common air, it otea' 
fensa'tuhiii douJ. This is owing .to.ihc moillute al- 
ways prefent in the atmufphere. 

C. It cxtinguijhei a lighted canillc, 

D, // is "Very vapidly ahjorliid by •aialtr. A drop Ot 
twoof water, admiilei) tu a large jar fuH of this g», 
caufes the whole of it inflantly to difappcar. 

3, Water, when charged as highly as poflible W'tK- 
ihis gas, fnrms the ord'Oary muriatic JCid in a li(]ui4 
Itaic. This watery fulution of m iriatic acid hjs the 
tbllowing properties : 

in thefrepcriicHo/wiO 

j»J fufiealing fntnts. 
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C. Ji is not ttSedon by inflammable fubft units ^ even 
when confiderable heat is applied. ^ 

D. iVben diluted *witb ijuatery no remarkable degree 
of heat is produced. 

£. It combines 'with the alkalis, and conftitutes a pe« 
culiar genus of neutral falls. 

Muriate ofFot-aJh* 
This fait is not peculiarly interefting; 

Muriate of Soda. 

Muriate of foda is that well known fait, now becotre 
a neceffary ingredient in the food of man^ and of great 
utility in feveral of the arts. 

1 . Its compofltion may be proved by the diredl union 
of foda with muriatic acid. 

2. Its qualities are as follow : 

// requires for folution, invoice and a half its ^weight (f 
*waier, at do^ofFaht, and hot water takes up very 
little more. Hence its folution cryftallizes^ not like 
that of nitre, by cobling, but by evaporation. 

B. When heated gradually it fufes, and forms when 
cold a folid compad mafs. 

C. If fuddenly heated, as by throwing it on red hot 
coals, it decrepitates, 

D. It is not decompofed ivhen ignited in contact luitb 
inflammable fubjiances . 

E. When dlftilled ^th fulphuric acid and nvaier, its 
acid is difengaged, and there remains, in the retort, a 
compound of fulphuric acid with foda. 

Muriate of Ammonia, 

I. If equal meafures of ammoniacal gas, (fee page 

47,) and muriatic acid gas, be mixed together over 

mercury, they are immediately condenfed ; a white 

cloud is formed \ and a folid fubilance is depofited oa 

G 2- 
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KSeuoes of the velTel. This is the muriate of ammonta. 
In properties are as follow : 

A, It ii •voiatiliaed, without being decojnpofed, and 
liencc may be fublimed. 

B. 1/ is readiiyfilsbU in •wuler, three parts and a 
half of which ai 6d" take up one of the fait. During ii* 
Jbluiion much caloric is ablorbed. 

C. On the addition ofa/iiiulion of pure pot-ap or pure 
Juda, thealkatiis diftngagtd, as is evinced by the puD- 

gent fmell ihatariles, on the mixture of two bodies per- 
iieftly inodumuE when feparate. 

D, Fratit this fab fulpburic acid fiparaus ihc rnarintic 
' eeid. This may be proved by fubftiiuting it for com- 

tnonfalt, in preparing muriatic acid gas. 

Oxyginalcd Mwiatic Acid. 

1. Thi:i acid may be formej by cither of the follow- 
ing procefl'es. 

A. Into a Iloppered retort, introduce eight ounces of 
liquid muriatic acid, and four ounces of gnily powder- 
ed manganefc ; and apply the heal of a lamp. A gas 
will he produced, which may be received overwater io 
the ufual manner. From the foregoing materials about 
i6o cubical iochcE of gas may be obtained. 

B. Mix eight ounces of muriate of foda (common 
JaU) with three ounces of powdered manganefc j put 
them into ft ftoppered retort, and pour on them four 
ounces of fulphuiic acid, diluted previoudy with four 
fiunces of water, and which has been fullersd to cool 
after dilution. On applying a geotle heat, gas will be 
produced as in A. 

2. This gas has the following propetiies ; 
A. Tt kai a deepjeUoiv colour, 

) B. It has a pungctiS and fnffi>ccsti«g JindU In experi- 
ments on this gas, great cisre fliould be taken that it 
does not efcape, in any confiderable (juantiiy, into the 
' apartment ; as its afllon on the lungs la extremely in- 
Jarioa'g and oppreffive. 
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C. By a leniperature of 40^^ it is reduced into a ii- 
c(uid fornix and is condenfed on the (ides of the vtfTel. 
Hence ibme chemifts have contended that it (hould be 
clafled ainong vapours, and not among gafles. 

D. When a Burning candle is immerfed in the gas, the 
fiame is enlarged, and a den/e/moke is produced. 

E. Pho/phorus, introduced into it immediately takes fire, 
and burns very brilliantly. 

F. Various metals, 'when minutely di<vided by filing, as 
iron, zinc, bifmuth, tin, copper. Sec. take fire in this 
gas, and burn with an extrication of heat and light. 

G. Sulphur is oxygenated by it, and changed into ful- 
phuricacid. 

H. Charcoal, finely pondered and perfedly dry, takes 
Jire in this gas, 

I, The oxygenated muriatic gas defiroys all vegetable 
colours. This may be ihewn by palling into it, through 
.water, a piece of clotlf, or of paper, ftained with lit- 
mus, the colour of which will fpeedily difappear. Hence 
the application of this gas to the purpofe of bleaching. 
Its efficacy, in this mode may be feen by confining in 
it a pattern of unbleached calico. 

K. This gas is abforbed by <water, flowly if allowed 
to (land over it quiefcent, but rapidly when agitated. 

L-; The ^watery folution acquires the colour and pecu- 
liar finell of the gas ; and has a fimilar property of dif- 
charging vegetable colours. Hence it may be employ- 
ed in bleaching. 

M. When the luatery folution is expofed to a tempera^ 
ture a little abo^ve that of freezing 'water, the gas, ijuhiih 
is combined <with it, feparates in the form of a liquid hea^ 
fvier than 'water ,^ 

N. When this folution is expofed to the direS rays of the 
fun, the oxygenated acid is decompofed ; its oxygen efcapes 
in the form of a gas ; and it is reduced to the Aate of 
common muriatic acid. The oxygenous gas may be 
colleded, by expofiag the folution in a gas bottle, fur* 
- niihcd with a bent tube, which terminates in the pnen- 
mato-chemical apparatus. 
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Wa,ad farms peculii 

OxygnaliJ Marfale of pDt-ap, 

The properties uf rhis fall wcie difcovered by Ber- 
tholiet. It may be (ormed by paffiiig ihe oxygenaied 
muriatic gas, as it procfcds fronj tbe mixture of muriate 
olTorla, [ulphuric acid, and maiiganefe, through a fo- 
lution of caullic pot-afh. This may be dune by means 
of Woul/e's apparatus, uGng only one three necked bot- 
tle in addition tolheballooif. The tube, which is im- 
mcrfed in the alkaline Llution, (hould be at leaft half 
sn inch ii diameter, to prevent its being choked up by 
any cryftals thai may iorm. The Tolution, when l3lu>- 
rated with the gai, may be gently evaporated ; and [he 
firft prodofla only of cryllals are to be referved fur ufc. 
Their properties are the following : 

A. 'They banie thi ferm of fiimvg htxaidral laminalor 
rhemhoidal ptatis . 

B Oneparieflbe/altreqairtsfj ef cnld loaler fcr 
'^elutieis ; bui 5 pans tf hot txiater taieup 2 ofihtfolt. 

C. When ihe oxygenated mariale isfabmiilcd to difiUI- 
alhn, in a coaud relorr. ilfrftfufei. and en a/urlier 
incrtafe cf lempiraiure yields oxygemm gai of great Jiurily. 
A hundred gr^nsof fait afFurd 75 cubic inches of gas. 
' D. The exygenaleJ Pturiatt cf pct'afl) has no puiuir, of 
difiharging I'tgclahU celiuri i but the addition of a little 
fuiphuric acid, by fetting the oxygenated acid at liber- 
ly, developes this properly. 

E, The fairii deeetnpaftd hy the ftnnger aeidi, ai the 
fulpbtirie and nitTit acidt. This will be proved by drop- 
■ ping a few grains of the fait into a little ftrcng fuiphuric 

acid. A (Irongfrnell will arife, and. if the quantities 
be fufHciently large, a" explofion will enfue. The ex- 
periment Ihould, therefore, be roadewiihcaution. 

F, This Jail exerts piKWirfiJ effeBs tn infammabit h- 

diei. (a) Rub two grains into powder in a mortar, 
and add one grain of folphur. Mix them very accu- 
rite]}> by gentle tiitarf, and tbeiij having collected itac 
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mixture to one part of the mortar, prefs the pe,ftle down 
Cpon it fuddenly and forcibly. A loud detonation will 
enfue. Or if the mixed ingredients be wrapped in fome 
flrong paper, and then ilruck with a hammer^ a Aill 
loader report will be produced. 

(b) Mix ^\Q grains of the fait with half the quantity 
of powdered charcoal, in a fimilar manner. On tri- 
turati: g the mixiure flrongly it will inflame, buL not 
with much noife. 

(c) Mix a fmall quantity of fugar with half its weight 
of the fait, and on the mixture pour a Utile Iliong ful- 
phurlc acid. A fadden and vehement inflammatioii 
will be produced. This experiment, as well as the 
following, requires^aution. 

(d) To 6ne grain of the powdered fait in a mortar, 
add about half a grain of phofphorus. The phofphorus 
will detonate on the gentleft triiure, with a very loud * 
report. The hand (hould be fovered with a glove in 
making this experiment, and care (h.^uld be taken that 
the phofphorus, in an inflamed (late, does not fly into 
the eyes. 

(e) Oxygenated muriate may be fubftituted for nitre 
in the preparation of gunpowder ; but the mixture of 
the ingredients requires great circumfpedion. It may 
be proper, alfo, to (late, that this (ale (hould ncn be 
kept mi'^ed with fulphur in conftderable quantity, fuch 
mixtures having been known to detonate fpont;ineou{ly. 

Oxygenated Muriate $f Soda, 

This salt has no remarkable properties. It difFers 
from the combination of rhis acid with pot-afh, in at- ^ 
trafting rtioifture from the atmofphere. ' 

With ammonia, the oxy;,enated muriatic acid iloes 
nnt afford any combination ; butxiecompofes this alkali, 
whe ' brcup^ht inK; ccnta6l with it, whether in a garfTe- 
ous or liquid ftare. Wefti umb has even afTerted, that 
when liquid ammonia is poured into a veiTel £lled with 



ex^genated muriatic gas, an itiflatcAifttiofl enftrt,. 
This appearance, however, I conld never produce. 
The decompofition of ammoTiia, by oxygenated muria- 
tic acid, is bcH exhibited, by padingihe gas through a. , 
boiile filled with a waicry foluiion of ammonia, and 
hailing two iiprninga, from one of which a bent tube 
pafTs to the pneumaio-ehemical apparaius, while the 
oiher receives the tube that brings the acid gas. The 
gas, that is produced, will be found to be azotic. The 
theory of this decompofition will be explameJ on a fub- 
fequ«nt occalion. 

This property of ammonia renders it extremely ufc- 
fiil in correfling the offtnfive vapours of ihe gasj ivluch 
are Ibniciimes accidenially fct at libersy, in places 
whiTcit is prepared. Aid when fuffocatiun threatens 
to come on, in confequence ofthetumeso) this, aciilt 
the moA «lTcdual remedy is to hold a Hopper, mOillcQ- 
cd with ammonia, to the mouih and noArils. 

Mleo-MurietU Add. 
This acid is a compound ofihe nitric and innriaiic 
acid, and may be Termed by mixing twn parts o) nitric 
acid with one of muriatic, and by f^veral nher pro* 
ccITm, which are pointed out in every elementary book, 
Ilsmoftdiftinguifhing property, ihatof diflolvinggolJ^ 
will bedefcribed hereafter. 

, Abt. xv. Pb^rfphomi—Phf/pheric J:iJ~Pbofpbalu. 

\ I . PhtJfUrus is ji» hfaamahliful/Jianei. anJii imrwn:. 

l/ftf ihtfilawing charaHtrt. 

[ A. tt ha; generally a tiefh red colour ; but when 

■ittntBlly purilied, tmy be obtained aa free rrom colonr,: 

fmSxf tranVparent, as melted white wax. 

I B. It is To fort that ii readily yields to the knife, 

k. C. Il meliJ with a very gentle heat. To (hew ihts, 

B|uBnMM«J)«c(G4 witb Wilier, u pfeveut it ixQO- »->f 
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D. "In the atmofphere, it emits a white fmoke, and 
peculiar fmeil ; and a faint and beautiful light arife^ 
from it. 

f. Pho/phorus is inflamed hy the application of a 'very 
gentle heat. According to l^v: Higgins, a temperature 
of 60^ is fufficient to iet it on fire, when perfedly dry. 
It burns with a very brilliant light, a white fmoke, and 
a fuffocating fmeli. 

3. // may be fe^ on fire by fri6iion. Rub a v^xy fmall 
bit between two pieces of brown paper ; the phofphorus 
will inflame, and will fet the paper on fire alio. 

4. In oxygenous gas it burns ^ivith a 'very beautiful 
hght ; and alio in nitrous oxyd, and in oxygenated 
muriatic arid. 

5. Phofphoroiis is ^volatile. Hence it may be rai fed 
by din illation ; but ro prevent its taking fire on the 
application of heat, the retort fhculd previoufly be fil- 
led with azotic or hydrogen gas, and the mouth of the 
retort must be immerfed in water. By diilillation in 
this mode, phofphorus is rendered much purer. 

6. Phofphorus may be oxygenated in ^various modes, 

A. By mere expofure to atmofpheric air. Let a 
ftick of phofphorus be placed in a funnel, the pipe of 
which terminates in an empty bottle. The phofphorus 
will be flowly oxygenated, and after fome time will be 

^wholly changed into an acid, which will iSJl into the 
^bottle in a liquid flate. 

B. Bycombuftion in oxygenous gas or atmofpheric 
^ir. When burnt in this manner, every hundred parts 
of phofphorus; according to Lavoifier, gain an addition 
of 154. Seethe account of this experiment, in the 
5th chapter of his elements, 

C. By the nitric acid. U phofphorus be added by 
little at once to nitric acid, the nitric acid is decompo- 
fed, and its oxygen, uniting with the phofphorus, con- 
ftitutes phofphoric acid, 

D. A fimilarefTcft is produced by oxygenated muri- 
atic acid in a liquid ftate. The operation of this acid, 
m a gafeoas form, isdefcribed, page 79, E., 
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Accordingly as the phufphonc acid is diferentlj' 
prepared, il5 degree of oxygenation ditFers ; and its 
ptoperiies arc found lo vary proportionably. That 
formed by the rponianeaus oxygeiialion of phofphoriu 
inair, is termed phofphoreoo; acid, as being oxygena- 
icd ill an inferior degree ; and its cnmp' ond? are cal- 
led phtilphites; butthefe lad,. it may be obietved, can 
fcarcely be sbtained, becaufe the phofpi'.orenos acid, 
when combined wiih alkalis, acquires an kddiiioii of 
oxygeo during evaporation. , 

FhoffhirU Add. 
This acid may be obtained from bones, by proceiTes 
detailed in every eienisniary book. 

A. Is ixijU in a /did Jlait. in which it may be ob- 
tained by evaporajion, and fuiion in a crucible. The 
produA ha> the hardnefa and tranfparency of glafs. 

B. // is not -valatltt, ucr tiipabit of^ bting decomfeftd 
bj httti Billy. 

C. •fyhtn dipiUd in tin larlhm relcrt tvith pn-u^dcTtd 
cbarcaalil is dicampifti ; its oxysen uniting with the 
carbon, forms carbonic acid, antfthe phofphurom rifet 
in a fepiraie flaie. This is the ofaal and beAmode of 
obtaining phoiphoias. 

D. Phafphorie acid unites lailb the dipnnt alkalis, ' 
md firms a clafs af Jaks termed pko/phaii. — olthcfe ihc ' 
p'>olp a;e of foda is the moA impoiiani one, fincc its 
irtrtiiioaion into medicine by Dr. Pearfon ; and the 
phofph.ite of ammonia is occaiionally ufcd as a flux for 
thebbw-pipe. 

Another (oi-ibination of phofphorus, the properties 
efwh'Cti render it a fit fubjeft otsinuli;igexperimciits, 
bthe 



fhifphitraltd Hydrsgntcas Gas, 

■ Tbii Ga: may be procured, by Iwiling in a retnrt, 
tphofphutuiwith a foluiioii of purt; pot-alh. The 
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wateris dccompofcd ; its oxygen uniting with ihc phof- 
phorus, forms phofphoric acid, which combines with 
the alkali ; while the hyJrogen diflblves another por- 
tion of phofphorus, conftitut^ng phofphoratci! hyorogcn 
gas. lo preparing this gas, the body of the retort 
(hould be filled, as nearly as pcffible, with the alkaline 
foIotioD, oiherwifc the gas, when produced, will in- 
flame and diminifh the air within the rctori, and the 
water will afcend from the trough. 

2. The properties of this Gas are the following. 

A. // takei fire immediately on coming into contact ^itb 
the air. This may be (hewn by letting it elcape into 
the air as it iiTues from the retort, when a very beauti- 
ful nppcarance will enfuc. 

B. When mixed fuddenly imth oxygen gasy it deto^ 
»^i/«.— This experiment (hould be made cautioufly. 

C. ^ he fame phenomenon en/ues on mixing it njnith oxy^ 
genated muriatic acid gas y or luith nitrotis oxyd, 

Phofphorus is alfo foluble in oils ; and when thus 
diflblved, forms what has been called liquid phofphorus, 
which may be rubbed on the face and hands without 
injury, ft difTolves, too, in ether ; and a very beauti- 
ful experiment confifts in pouring this phofphoric ethef 
in fmail portions, and in a dark place, on the furfaceof 
hot water. 

The .phofphoric matches confift of phofphorus ex- 
tremely dry, minutely divided, and perhaps a little 
oxydated. The fimpleft mode of making them is to 
put a lit'le phofphorus, dried by blotting paper, into 
a fmall phial ; heat the phial, and when the phr'pho- 
rus is melted, turn it round, fo that it may adhere to 
the (ides. Cork ihe phial clofely, and it is prepared. 
On putting a common fulphur match into the bottle, 
and ftirring it about, the phofphorus will adhere to the 
match; and will take fire when brought out into the 
air. 

H 



f^lh boTntliroe, oFihe fv-ic ofrpllc p»e. Stop the 
mouthof the lube ioofcly wrih "a I:'itle paper, in order 
to pieveni the Tree accefs of air, Next, h-at lo red- 
ve(t ihac part af the tuoe which is cnated with clay, by 
■ncsuB of fame charcoal; and, wl)en ihe lime may be 
fuppofcd to be rfd hot, apply hea.t to the part contain- 
ing the pholphorus fo at lo fublime it, and lo bring the 
vapour at it into contaA with the heated lime. The 
lime ant! jihofphorui will unite, and will sffard a com- '' 
pound of a rt-Jdiih hrown colour. This phofphuret of . 
lime has the remarkable propeiiy of decompofing water, | 
at the common lemperaiure of the atmofphere. Drop < 
aimail piece of it into a wine glafs of ivaier, snd in i 
(hortiime bubblos of phofplmraled iiydrogen gas w U , 
be produced; which, riling to the lurface, will take j 
fire and explode. If the phofphuret ol lime be not per- 
IrtWy iicfb, it may be proper to w.tiin the waier, U 
which it isad^ed. 

4, Relation ic act Js. 

A. Lime has a fttong allraflion far mrhamc acid, but 
not when peifeflly dry. (a)ll"apiece of dry quick- 
lime be palfed into a jar of catkollic acid gas over met- 
ctiiy, no sblurption etifue;. Sut invert a bottle, filled 
with carbonic acid gas over 3 mixture of lime and wa- J 
icr, of the conCllenceofcream ; and arapid abforptjon \ 
will he nbferved, especially if ajitaied, ij 

(b) Leta jar 01 bottle, filled with carbonic acid, be \ 
broughlovcraveiTcl of lime water. — On agicftting the \ 
vcflcl, a rapid diminiitiuti will enfue, and the lime wa- I 
ler will become inilky. ] 

(c) Leave a ihaliow veiTel of lime water expofed to \ 
the air. A white erull will form oh the furf-cc ; and ' 
this, ifbr^iccn, will fall to the bottom, and befucceed- ,1 
ed by another. This is owing to the abforption of car- , [ 
bonic acid gas from the kir, by the lime, which is thus 
rendered infoluble in water. 

(d) Lime, when cxpofeJ to the atmofphefe. firft 
acquires m^iilnre, and then caibotiic aciJ ; BtiU in &. ] 
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fafficient fpace of time, all the characters diflingnifhing 
it as limedifappear. 

(e) Lime has an extremely (Irong afHnity for carbo- 
mcacid, which enables it to take this acid from other 
fubflances. Thus carbonates of alkalis are deci mpofed 
by lime. Slake a given quantity of lime into a pade 
with water, and add an equal weight of carbonate of 
pot-a(h or foda. Stir the materials together and wafh 
off the foluble part. The carbonic acid combines with 
the lime, and the alkali is obtained, in a ftate of folu- 
tion, perfedlly free from carbonic acid. This is the 
ordinary mode of depriving the alkalis of carbonic acid. 

(f ) Lime, when iaturated with carbonic acid^ forms- 
carbonate or lime. Ol this common chalk may be taken 
asr a fair fample ; and in all iaturated carbonates of this 
earth, we frnd the charaders of ii-fipidity and infolu- 
bility in water. 

(g) Carbonate of lime is decompofed by a ftrong- 
beat. If diflilied in an earthen retort, carbonic acid 
•gas is obtained, and lime remains in the retort^ in a 

^pure o*- cauflic flate. 

(h) It is alfo decomposed by the (Ironger acids. Put 
ibme chalk into a gas bottle, and pour on it diluted 
fulpharic acid. The fulphuric acid will unite with the 
lime, and the carbonic acid will be fetat liberty. 

(i) Carbonate of lime, though fcarcely diffolved by . 
pore water, is foluble in water faturated with carbonic v 
acid. The moii (iriking method of (hewing this is the ^ 

\ following. Add to a j^ar, about one fourth filled with 
lime water, a very fmall quantity of water faturated 
with carbonic acid. A>^ immediate milkinefs will en- 
fbe, becaufe the c;irbonic acids forms, with the lime* 
an infolable carbonate. Add gradually more of ihe ! 
water, impregnated with carbonic acid, fhaking the / 
jar as- thefe a^lditions are made. At lad the precipitate/ 
is re-diflblved. Hence it appears that lime, with a fmall( 
proportion of carbonic acid, is inio'uble, and> with a- 
ftill larger^ again becomes foluble in water. 
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. . The carbonate of lime, diffolved by an execfa 
of carbonic aciiJ, is again Jeparaied, when this excefs 
is driven off. Thus, boiling, which expels ihc fuper- 
abundant acid, precipitates the carbonate. Caufticoe 
■pare alkalij, alfa. produce s fimilar cffeii. 

B. Combination of lime with>///jrtr;r nciV, or ful- 
phaie of lime. 

(a) The fulphuric acid expelslbe carbonic from lime, 
and we obtain a fulphateof lime. 

(1)) Thia fubftance is very infolubJe, requiring 500- 
pans of waier, at the ordinarjr temperature, for folu- 
tion. 

(c) It is infipid and free from fmell. 

<d) It isfofiblebyagenileheat. 

(e) Itisdecompoftd, when boiled witli a (blntionof 
carbonate of alkali, a double exchange of principles 

C. Combination of lime with nilric add. This , 
compound forms a deli^aelcent fait, of little import- 
ance. 

D. Combination with muriatic add. 

(a) Lime may be brought into union with rnutiatic 
acid, by dilTolving, in the liquid acid, either ihe pure 
earth or tile carbonate. 

(b) The muriate of lime may, alfo, be formed, by 
boiling together, inaretoit, the muriate ofamronnia, 
and lime with water. The lime fetsibe alkali atlibef- 
ly, which may be colletled in a liquid form in a recei- 

Oi it may be obtained from muriate of ammonia and 
carbonate of lime, in which cafe we obtain the carbo- 
nate of ammonia. For this purpofe, powdered fa! am- 
moniac, and dry carbonate of lime, may be mixed to- 
gether, and put into a glafs or earthen retwrt with a 
long neck. This neck may terminate in a large glafc 
jlobe, which ihould be kept cool by moiftened cloth. 
The carbonate «f ammoiiia will pals over in a fblid 
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farm, acid will ccndenre en the inner furlacc 
globe. 

(c) Muriate of lirae, wh«n evaporated to the con- 
£ilencc of a thick lyrup, (ornis, cncooling, an imper- 
feftly cryftallized mats, wbicli oiay be powdered, and 
Mlerved tor uie. 

(d) Ii powerfiilly aitrafla moifture from the air, and" 
hence Ihould be kept clofel/ flopped up. — Like all other 
deiiquelcenl falls, it is very foluble in water. 

(i;) The mofi remarkable properly of thia fait is its 
power of generaung irienft cold, when mixed with 
Inoiv. This property waj dilgoveied fome years ago 
by M. Lovitz, of St. Peterfburgh; and has been lince 
applied in this country, to the congelation of mercury 
on a very extcnfive fcak. — The proporiions, which an- 
fwcr bell, are about equal weights of ihe fait finely 
piiwdered, and of tre& fallen and light fnow. On 
mixing thefe together, and immerfing a thermometer in 
the mixture, the mercury Anki with great rapidity. 
For meafuring exaflly the cold produced, a fpirit iher- 
mumeier Ihould be employed. A few ponnds of the 
fait are fufiicient to congeal a large m^fs of mercury. 
By means of 1 3 lbs of the muriate, and an equal weight 
d( fnow, MeiTis. Pepys and Alien froze 56 Ibsofqnick- 
£lver into a foiid mafs. The mixiujc of the whole 
qoantiiy of fait and fnow, h'lwever, was not made at 
once ; but pan was expended in cooling the material! 
themfelvei. 

On a fmall fcale, it may be fufiicient 
3 pounds of the fait. Let the 

glali retort, be immerfed fijfl ina mixture of one pouni 
of emch ; and when this has ceafed to aft, let another 
jnixtare be prepared. The fecond will never fail ic 
congeal the quickfilver. 

The fait, thus expended, may be again evaporated, 
»nd cryAftliized for future experiments. 
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The reader, who wifhes for further particulars re- 
fpeflinj! ihefe experiments, h referred to the Philofo- ' 
phicd MagaziiiC, vol. s-P-7^'. • 

E. Lime unites with ihe pbBjphoric acid. 

The phofphate of lime lorms a large part of animal 
tones, which, 'o obiain their earthy part, muft tre 
burnt till pcrteflly white. 

The phofphate of lime ts an infipid, and inruluble 
fall, or rathrr earth. It is deeompofed by *ulpliuric 
acid, which leu the pi ofpiioric at liberty. This is 
the common mode ot procuring phofphoric acid from 
bones. 

F. F/vswofllme. This is, alfo, an extremely info- 
loble compound. The lluor fpar, found in Derbvfliirt 
and other places, is the only known fource uf it. — Sul- 
phuric acid decampofes the Ra&K, tind when dillilled 
with this acid, the fluoric acid rifes, and may be col- 
Jefled m a leaden receiver. 

This acid, when perfeflly pure, fobfifis in the ftate 
cf a gas, condenfible by water. It is the only acid that 
aSs on filiceous earth, and on glafs \ and owing to the 
latter property ; it may be employed as a mean of etch- 
ing an glafs, as copper is engraved by the oiiric acid. 
See Wilfon's paper in Nichollon's Journal, vol. 2, p. 60. 

Magntfia. 

1, Pun magne^a is ivbile; ptrfialy taftelefs; in/olu- 
ile in niialtr ; and exciics no heat luhen mixed luitb luia- ' 
ttr. 

2. When expjfed to carAimfai-(</ffli with the addi- 
tion of a liiile w.iicr, the gas is abioibed, but much 
more /lowly than by lime. 

Ciirienale of magmjia eSeivckes with acids, iti car- 
bonic acid beixg expelled. When expofed to heal, iti 
carbonic acid M alio feparaied, ^nd the magneJia re- 
mains pure. In this Itaie h is urmcd caUieed magnc' 
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Carbonic acid having a (Irnnger affinity fnf lime, 
than f^ magnefia, when carbaoate of* magnclia is di- 
,gefted.H-iih lime water, [he lime aurafls the carbonic 
acid from the magncfij, and ia rendered infoluble.^ 
Hence the lafte of lime water is totally defttoyed by 
carbanaie of raagncfia. 

3- Magnefia iemhimt wrh fulpburic aeid. When 
concentrated fulphuric cLcid is poured on pure magneiia, 
a great degree of heat is pr-oduced ; and when the two 
ingiedieiits ate perfeftly pure, ignition even enfoes. 

The combination of magoelia wiih futphmic acid af- 
fords a neutral fall, lermeii /ulff>ale B/mafitfia. This 
fait forma fmall cryflais, which have a cool bitter tallei 
and dilTolve readily in water, t: ii decompoftd by pure 
and carbonated alkalis. If a folution of a pound of the 
fait, in a poutid of boiling water, be mixed, foddcnly, 
with a folution of an equal <juantity ttf c.irbonaie of poc- 
alh, in the fame weight of water, a double decompnii- 
tion enfues; and the two fluids injlantly form a thick 
Iblid coagulum. This, when wellOvafhed with boiling 
water.aSbrds ihe caibonatenf magnelia. 

The compounds uf magneCs with o'hcr acidi have DO 
properties, thp.l render it neceflary to defcribe them in 
this place. 

jtiamine, or jfrg'!' 

|. Pure alamtne ally he ebiained by precipitating B 
folution ff alum in water, b) the cryltdilizea carbonate 
tjfpot-a(h. To fecure its completo purificalion from 
fulpiiuric acid, Guyton advifes, ihat the preiipil: '~~ 
re-diffolved in nitric acid ; ih.it nitratoof baryi 
cauiioufly added to the folution, till it no longer 
lions millci'nefsi and that the alumine be afterwards 
precipitated, or feparated from the nitric acid by heat. 

(Ann. deChim..\xxiI.640■ 
^. Alumine has the /iiUatuiiig qualit'iii. It adheres to 

the tongue i when taolilened with watci, it form* ». 



colieJive ffi*f»f nr\i when heawd taTedfnfs, it fltrti^ ' 

confiderably in bulk, aad becomes veey hafd. It dil- 
folves iluwiy in all acids. The only cum bin a lion of , 

. importance, is [hat which it foirou with the I'ulphuric 

I vcid. 

3. H'Uh/ufphurUacldil ojufis fulpbati of aiamine. 

Sulphate of alumine is diliinguilhed by ihe foliovviog 
charaflers. 

A. It has afweeiifh aft,-ingent taile. 

B. It Jiffjlves in water, 5 parts of w.hich. at 60°, 
Jake up one of the fait, but hot water dilToIves it in 
greater abundance. 

C. This Muiion reddens vegetable blue coiours j 
which proves the aclj to be in excefa. 

D. When mixed with a foluuon of carbonate of pot- 
afh, an efiervefcence \i produced by the unciimbined 
acid, which, atfo, prevents the iirll portions of alkaJi, 

of fulphaieof aluoiine, from 
Dccalianing any pitfjpttate. 

E. On a furtheradditioa of alkali, the alumine is Jl 
jirecipilaled. \ 

F. Sulphate of alumine, when heated, fwells ap ; | 
lofes its regular form ; and be^nnie; a dry fpiingy ina&. | 

G. It is decoinporpd by charcoal, which combines ' 
with the oxygen of the fnlphurk acid, and leaves the ^ 

mine. A ciimbinailon of \ 
;oal forms the pyrophi^rus af 1 
, eqnat parrs iif powHertd 
■elted ever the fire, and are 



fblphur attached 

llamlnc, fulphur, and ch; 

Ombtrg. To prepare th 

■flam and brown fogar are 
Ilirring, till reduced 
10 be finely powdered 



rfryncfs. The mixt 



. , . _ . i-hich a glafs tiibe, 

Opfa ar each end, is luted, to alltiw ' he efcape of the 
Mffei ihu nrc produce-). The phial muil then be fet 
l« the firc, i.iiioundtd by fand, in a crucible. 

1 iffue Ir r-i '111; npen end r-f the lube, and may be 
id b^ i li^t.ieJ paper. When ihii cea es toj|f 



e wncibl* may b« T«nOTed fiwm t{ie4}re;«i 

imoiflcla)' prefTcddown upun theopenendof iheii'bct 

I prevenc the-sccefs cf air lo ihe contents of ihe phial. 

Tlie pyrophorus ihi.5 iDrmed, is a black and very 

light powder, whith inttanllj' lakes Are, when poured 

oatofLhi borile into the air; and inti^mes Ibddenly in 

oxygcooos gas. 

SiUx. 

I. Siliceous earth, or filex, may be obuineJ, lole- 
rably pare, Jrom Hints, by the tollowing piocefs. Pto- 
cure fome common gun-fliDi«, and calciue them in a. 
crucible, in a led beat. By this treatment ihey'will' 
becrme brittle, and eaQIy re<;Licible to powder. M 
ibtra, when puUcriaed, with three or four times ibcir ' 
weight u) ci.i-l)i,n.t;e of poi-afti, and Itt tlie mixrur* bi 
fufed in a Urong red heat, in a crucible. We fliall ' 

s olilaina compou d of alkali and filiccL'i 
Diiliilve this in water; Ultre the folution ; and a(*d R> 
iilmcd fulphuric or muriatic acid. An immediate 
precipitation will enfue ; and as long as this continues 
add freth portions of acid, Let the precipitaie fubfidt 
DouroA the I quor that floats above it ; and tvulh ihfl.j 
fediroent with hot waier, till it comes off lailelefc— * 
then dry it. 

I. Siliceous eanli, as thus obtained, has the fol- 
ding qualities. 

A. tt is perfcaiy while and tallelefs. 

B. When mixed wirh water, it does not form a c 
hefive mais like alumine ; and has a dry and harlh fee( 
to the fingers. 

C. ItisQtic afled on by any acid, exce|)i thefluan- 
»ic. 

D. When piepar'd in the foregoing manner, antl 
very minutely divided, filex is folnbic in a folulJon ctf 
pure pDt-aOi. In itie aggregated ilate of flints, how- j 
ever, it is perfeflly inlbluble in this way, an excellent 1 
UlnltrftCion o/the principle laid down. Art. i. No. 3. ' 



, j( and very fenllble [elli of futpliaricacia^ tiS\ 
eombinaiions. Let a fingle drop of rulpriuri' 

SciJ fall into a wine quart of pure diflilled waver ; On 

BdJing a few drops of Oiie of the foregoing folotions of 

^rytes, a precipiiaiion will eufQe, 

F. Sulphate of barytea is dccompofed by carbonate 
pot-a(h. Boil the powdere.l fulphaie, with a folution 
iwicc or three times iti weight of carbonate of pot- 
1, The carbonic acid will pafs to the barytcs, aod 

the fulphuric to the pot-aQi. 

. Strontites, in a fiaie of puruy, has a cauflic taftr ; 
C*ar!ge5 vegetable blues to gieen ; and unites oil with 
water. 

It dilToIves very readily in boiling water ; and the 
in, on cooling, (hoQts into regular cryftals, Thefe 
ir> quadrangular plates, fomelimeKfqoare, ofiencr 
jllograms ; not exceeding in length, and not equal- 
ling ill breadth, a quarierof an inch. Of ibefe cryflals, 
c of water at 60° cakes op only 25 grains. — 
pofcd to heat they undergo the fame changes 
as ihofe of baryies. 

3. Pure ftroniiies ft rongly at trafls carbonic acid. — 
This may be (hewn by experiments fimilar CD ihofe on 
barytes. Indeed the properties df this earth arefo fimi- 

hofe of baryies, that every thing, which has been 
faid of ihe latter, will apply to ftroniites. 

4. The charafleriftic diftinftions, between the two 
«ai-ths. are derived from the different forms of cryftals, 
and diiferent foiubility, of ihe falts, afForded by (heir 
onion with the fame acid. The falts, with bafe of ftron- 
iites, are always much mare folublc than barytic falls. 

• 1 ok this mmi ifMr Oi. Hope, who fiift cftabliflird the oecu- 
liiT nacute of thli carlh, (though before ruggciM by Dr. Craw- 
fcrd) i and who diftovetcd iu verj inierefting propetdu in a ftaie 
«f purity, as well ai thoie of bsryiet. ^Sce hii Memoir in the 
folKkMl. 0f SdWMish tcMifaaioiu}. 
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The fairs of ftrontites hsLve, alfo, the Angular pro- 
perty^ when diflblved injilcohol» of tinging its flame 
a deep blood red colour. 

The reaiaining earths I omit ; becaufe they very 
feldom occar> and are not likely to become the fubjeds 
of experiments to the chemical fludent. They may be 
found enumerated and defcribed, in Mr. Parkinfon^s 
Chemical Pocket Book. 

ART. XVIII. Metals in general. 

The moft intereiling quality^ general to all the 
metals, is their relation lo oxygen. 

1, Some metals are oxydatcd merely by expofure 
to atmofpherical air, at the ordinary temperacuix;. 
Such are arfenic and manganefe. 

2. Other metals are oxydated by expofure to air ; 
but not without a cotfiderable increafe of their tempe- 
rature. Iron, zinc, copper, tin, &c. for example, 
when made red hot, lofe their metallic brilliancy ; 
and are converted into oxyds of different colours. 

• 3. Other metals are not oxydated, even by the 
combined operation of air and of an increafed tempe- 
racure ; fuch aYe gold and plntina. 

4. But even thefe metals (and all others n^ore rea- 
dily) are oxydated by acids. Thus the nitro-muriatic 
and oxygenated muriatic acids firft cxydaie geld, and 
then diiTolve the oxyd. Iron is oxydated by dijpt*; 
fulphuric acid, the metal- actra^ling oxygen from the 
water ; and the oxyd of iron, thus produced, is cif- 
folved by the acid, 

5. All metals, that are oxydated by air, undergo 
the fame change, much more readily, in oygcncus 
gas. 

6. Some metals are oxydated by water, both at the 
ordinary temperature of the air, and in high tempeia- 
lures. Thus iron filings moiftened with water, be- 
come oxyded, in confequcncc of itsdecom^ofuioa^ 3s.>\<l 



tT'.evapoprsf Water, pa/Ti-'d over red hot Iron, is ta- 
ridly decompofed, and [he iron gains 2S pei ceni of 
oxygen. Oiher nietals, as golJ, filver, kc. aie not 
p.tyiltd by water, in'any (emperalure, 

uIe, tu coiifequencc I'f oxydation, acquire 
weight. This may be fliewn, by keeping a given 
WcighE of iron-wire red hot, for (ome time, in the bowl 
of a common tobacco-pipe; taking cate that daft or 
alh-s do not fall into it. 

Metala retain oxvgen, with different degrees of 
force, ,Sonie oxyds, (that of mercury for tnllatice) are 
jeduced to a metallic llatc by heaiouly ; bot oihera (3$ 
th^t ' firon) require the addition of (omefabftiince, tbac 
fts oxj-gen more flrorgly than the metal retains 
'I'ttus, to reduce the oKvd of iron, charcoal niifit be 
■ddcd. 

Meinis ace precipitated from acids, by each other, 
I the form of ovyds, as they ate feparatcd by il- 
but in a metallic form. Thus when a polilbed 
plate ol iron i9 immerfed in 8 fobcion oflulphaie of 
copper, I he copper appears, on the furfacc cf the iron. 
tc of a metallic coating. In this cafe, the 
iron atirafts the oxygen from the copper ; ai'd, as no 
meial is ibluble in an acid, unlefi when ccnibinid with 
oxygen, the copper is precipitated. 

A«T. XIX. GM, 

t. Gold may be melted, by a moderate red hf at. 
■a. P«rc gold is not axydUZ bvexDnfure to best, with ( 
' a ifcotair. ^ 

^iiiot aOcd on. by fulphuric, nitric, or muri- 
i evoDDC tile boiling temperature, 

iidiflalved, however, by nitro. muriatic acid, 

alfa by ibjoxygenatrd muriatic acid. A thin fiieet 

m^id inii^'liiced into the Utter aciJ, wlien in a gait- 
5 fire and burnt. 
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5. The nitro-muriate of gold gives' a purple (lain lo 
the ikin, and'is fufceptible of cryftallization. 

6. It is decompofed by'^alkalis. A folution of pure 
ammonia^ feparates an oxydof gold ; and a poriion of 
ammonia, uniting with the oxyd, forms a compound, 
which detonates very loudly in a gentle heat, and is 
itvm^dfuhninAtinggo'U. Jt may be exploded by lay- 
ing a little on a ihovel^ and applying a very gentle 
heat over a fire. 

7. The folution of gold is, alfo decompofed, by cer- 
tain combuilible bodies, which attra^ the oxygen irom^ 
the gold and render it infoluble. (A) Into a dilute io-; 
lution of gold,* contained in a gJafs jar, put a long 
narrow flip of charcoal, and expoie the whole to the di- \ 
re6l light of the fun. The gold will be revived, and ; 
will appear on the charcoal in a metallic Hate, exhibit- 
ing a very beautiful appearance, Tne fame change ^ 
enfues without light, if the folution be expjfed to a ', 
temperature of 2 1 2°. 

B, ^Moiften a piece of white taffeta ribband, with ' 
the dilute folution of gold, and expofe it to a current 
of hydrogen gas from iron filings and dilute fu)phuric ■ 
acid. The g(»ld will be reduced, and tlje ribband will .. 
be gilt with the me'al. By means of a camel's hair \ 
pencil, the gold may be fo applied as to exhibit rcgu- ** 
lar figures, when reduced. 

C. The fame experiment may be repeated, fubfti- 
tuting phofphorated hydrogen for common h)drogen > 
gas. The reader who wifhes for a detail of various ex- 
periments ofafimilar kind, may ccnfult an EfTay on 
Combullion, by Mrs Fulhame, publiflied by Johnfon, 
London, 1794; and alfo Count Rumford's paper, in 
the Phil. Trans. 1798, p. 449. 

* The nitro-muriatc of gold, employed in tbefe experiments, 
ftiould b^ previoufly evaporated to drynefs, in ovrler 10 expel ihc 
Aipcrfluous acid^ and afterwards dilTolvcd in diiliiled water. 

I2 - 



IB iininerwQ tn 8 fotaitoB of 

leol'gold, (he iixj't! of gold ja precipiiaied 
Bf a purple colour, and whtn feraped ofF and collefled, 
Iformt the puipie powder of Caflius, much employed in 
jnamellirg. The fame piecipkatei; obtained by mix- 
ling a folution of gold with a rolution of tin in muriatic 

9, Gold IE precipitated from its folvent by ether ; 
lu[ iheoxydofgold Jsinftantly re-diirolved by theciher; 
■and forms the ethereal foloiion of giild. 

10. Sulphureia of alkalis unite with gold both in the 
dry and humid way. To exhibit this, fome leaf gold 

ay be digcfted, with heat, in a folutloo of fulphuret 
ef poi-afh. 

Art, kx. Plaiina. 
Platina is awhite meral, refembllng filver in co- 
lour, but greatly exceeding it, and indeed all other 
-tnetals, in fpecific gravity. 

is, ofall metals, the moft diiliculi offufion. 
smelted, however, hy a blow pipe, with the 
'aid of oxygenous gas, 

■[ is notoxyded when expofed, red hot, to the air, 
for a confiderahle length of time. 

4. It diflblves in no acid, except ihe nitro -muriatic 
and oxygenated muriatic acids, 

5. Thefe folutions are decompofed by alkalis and, 
alfo, by a fotutioQ of muriate of ammonia, which hll 
hasnoefTeft on folutions of gold. 

Art. XXI. Silwr. 

I. Silver, aUo, is a metal, which is diOicuIily oxy- 
Jed by ihe concurrence of heat and air. 

z. It is afled on by fulphurie acid, which when aflift- 
«d by heat, oxydates, and partly dilToWes it. 

3. Nitric acid, diflblve* it with a difengagement of 
nitrous gii -, and the [olutioiij when evaporated, (hoois 
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into regular cryltaU. It the iilvcr be pur;, the foIutioR 
is colourleis, oiheiwife it has a green hue. 

4- Muriatic acid does not aft un filver. Yet this 
acid takes lilver from others. Thus when- muriatic 
acid is added la nitcale of (ilver, a white cutdy precl- 
piiaie Tails down, in great abundance. This piecipi- 
late is decompofed by light; for when expofcd lo the 
direct rays of the fun, ics colour becomes gradually dark- 

ll fuled by agentle h«at, ii forms afeniiiranr- 
arent mafs of ihc confiAence of horn, called luoa cor- 
ea, or horn filver. 

5- A folotion of nitrate of Giver Rains animal Tub- 
ances a deep black. Hence it has been applied to 
le ftaining of human hair ; but when thus employed, 

(hoold be very much diluted, and ufcd with great 
csolion, on account of ils corrofive qualiiy. 

''. The (olofion of nitrate of filver, when evaporated, 
ns regular cryftals. Thefe cryftals fufe, when heai- 
and being poured, in this ftate, into moulds, form 
the common lunar canjlic. 

'. Nitrate of filver is decompofed by other metals. 

a; the furface of a pUie ofcspper, lo which a litlle 

of the foiution is applied, becomes plated over with fiU 

'er, tf a little mercury be poured into a boitle filled 

vith this folution, and ihe botile r: left fome time uh- 

diflurbed, the ftlver is precipitated in a beauLilut form, 

refembiing the branches of a tree, and which has been 

' termed Jrhr Dian^. (See Nicholfoa's Chemillry, 

J. 749.) 

8. J'recipiiate nitrate of filver by lime water ; and 

. wafh and dry the precipitate. Let this be afterward 

put into a vefTel of liquid ammODia. Ii will then af- 

le the form of a black powder, from which the fluid 

be decanted, and the black fubllance left to dry in 

air. This is the celebrated eompnond termed /b/- 

laliKgJiher, which detofiaies with the gentlefi heat, 

i even with the flighteft friflion. When once pre- 

I pared, m MUmpt mnD be made to enclofe it in a bat- 
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Copper is oxydiied by air. This may be Ihotvn 

by heating one end of a puljfhed bar ut copper, whic' 
will exhibit variuus Ihailes of colour, acctu^ling to the 
gf the beat. 

Copper does not decompore water, even with the 
ItlCAance of heat. 

It combines with Arong AjVphurtc acid, in a boil- 
ing heat, and affotds a blue faU called fulphate ot cop- 
per. (A) Sulphate ot eoj'per is a regularly ctyllalUzed 
Tall, c»fily dilfoWed by waier. (B) The lolution is de- 
tompofed by pure and carbonated alkalis. The for- 
howevcr re-diffblve the precpiiate. Thus, on ad- ' 
; pure liquid ammonia to a lolution ofrulphaLe of 
copper, a precipitate appears, which, on a farther ad- 
dition of the alliali, is re-diffdved, and affords a beauti- 
ful bright. blue folution. (C) The fulphate of copper 
is 'decompofed by iron. In a Colution of ibis fait im- 
merfe a pulilbed plate of iron. The iron will foon ac- 
quire a covering of copper in a metallic Hate. 

4. Copper difTolves readily in nitric acid, with a 
dilengagement ot nitrous gas. The fall, refulting from 
'' ' combination, has the lingular property of detona- 



ting ■ 



ith tin. 
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Copper is foluble in muriatic acid, with the aid 
of heat. 

6. When corroded by vinegar, it forms verdigrife. 

7. Copper combines with fulphur. A mixture 
three parts of copper filings, and one part of fulphur, 
when melted in a glafs tube, exhibits a combuflion, 
more bfilliani than that of iron and fulphur. 

Art. xxv. Lead. 

I. Lead, when melted, and expofed to the sflion of 

the air, becomes covered with a pellicle of oxyd. By 

long continued expofure to heat, 1; is convened into 

oxydi of different colours. This oxydation it 
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cult torxhibit on a Tmalt Jcale. The oxyits of ]eti 
therefore, be examined as they are iouud in the 
Ihiipj, in ihe Hates or minium cr ledleai; maflicuti 
■nd litharge. 

2. Tiie oxyis of lead give up their oxygen, on ihe 
application af heat. When diHilied in an eaithcn re- 
tort, they aftord oxygenous gas ; and ftill iDore readily, 
when diftilled with the fulphuric acid. 

3. or all the acids, the nitric a £1) moli flrongljr on 
IcaJ, nitrous gas being difengaged durin}; the roiuuon. 

+. The muriatic and fulphuric acids decompofe ni- 
trate of lead, and form a ditficulily soluble muriate and 
sulphate. 

;. The oxyds of lead decompore muriate of soda- 
Mix two parts of finely powdered red lead with one of 
common salt ; and form the two into a paOe with water, 
adding moreoccalijnally, as the mixture becomes dry. 
The alkali will be difengiged, and the muriatic acid 
will unite with the oxyd of lead. Wash off the alkali ; 
dry the white mafs ; and fufe it in a crucible. It will 
form the pigment, called mineral or patent yellow. 

6. Lead, when expofed lo the vapour of vinegar, is 
jlowJy corroded into a white oxyd, or rather carbonate. 
This, when diffblved in diftilled vinegar, and cryllal- 
lizcd, forms acetite of lead, or fugar of Ifad. This 
acetiie of lead, and indeed all ihc Ibluble saltsof lead, 
are decompofed by folphurared hydrogen gas. Hence 
charafteri, wriiteo with aceiiie of lead, become legible 
on expulure to fulphuraied bydrDgi:n gas. 

Art. XXVI. Tii. 

The properties of tin mud be examined in the Hate of 
block (in ; what is commonly known by the name of tin, 
being nothing more than iron plates, with a thin cover- 
ing of this metal. 

I . Tin melts on the application of a moderate heat 
by a long continuance 0/ which, it is converted '-" 
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Ny pmnkr. f^n powtler, when ntxed with pmv ' 

l»i», form* • white etumd, 

. Tin ii not nxjrded by exporure to air with the c( 

Brrcocc c C tiHiiflurc, » properly which ia ihefouridati 

fiitnrc ia corering iron. 

~_. Ti? itdiflblvedby all ihe three mineral acids. 

■ ^ Tib m»y bt brought to combine wiih ihe osiyge- 
Mtcd~Biiiii«<ic acitl by firll rotming it into amalgatn 
Irith raenrary ; jriiorating this with an equal weight of 
Bxygenared mutitie uf mercury ; and dillilling the mix* 
The rcfult is a liquid whi<:h emiti denfe white 

hmtt, nhen «xpored to the mir, aod was formerly term- 
ed the lulling liqi or ci Libavius. i 

J. Sriluiinns o( tin hsvc the property of prrcipitaling 
Mic colouring matter nf vegetables, a properly which 
"Kill be noticed hLTeaficr. 
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Zim 



Zinc is melted by a very gentle heat. 
- kii laplJly oxydeJby atmofphetical air. When 
^liv'iwn into a red hci crucible, it burns with a bright 
«2lu, a.id a while oxyd fublimes. 

_j- It diffolves leadily in all ihe mineral acids. With 
diluted fulpharjc acid, it affords the purell hyd^.igen 
ins that can he chiaioed. The fait, when evaporated, 
pioots into regular cry llaU, callet! fi-lpliEte of zinc. 

4- It ilc'0-,aies, when mi>ed with powdered nitre, and 
if jcft;^d into a red liol crucible. 



AkT, xxvui. Bi/mulh, 

1 . The prnpcr folvent for bifmiith la the nitric acid. 
^ z. From this folution, a white oxyd is precipitaied by 
«e niere addition of wa'er. This, When well walhed, 
«thr pigment callerf fl.ike white. 

3' This rtxydof bifmuth is blackened by fulphuraied 
lydrogengas. 

4. Bifmnth farms a c"mp'»neni of x\.t fufible mix' 
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of metals, difcovered by Sir Ifaac Newton. Melt to- 
gether in a crucible eight parts of bifmath^'five of lead, 
and tlreeof tin,or three of bimuth, one of lead, and five 
of tin. The refult is a compound, which will be found 
to melt in a heat lefs than that of boiling water, and 
which will even fufe, under the furface of hot water. 

Art. XXIX. Arfenic^ 

1. Arfenic, as it is to be found in the (hops, occurs 
in the ftateof a white oxyd, from which the meial may 
be obtained by the following procefs. * Mix two parts 

. of the white oxyd with one part of black flux*, and put 
them into a crucible. Invert, over this, another cruci- 
ble ; lute the two together, with a little clay and fatd ; 
and apply a red heat to the lower one. The ardnic 
will be reduced, and will be found lining the infide of 
the upper crucible, in a form of metallic brilliancy. 

2. Arfenic is oxyded by mere expofure to the air. 
It foon becomes carnifhed, and lofcs its metallic ludre. 

3. It is volatile. When laid on a heated iron, it eva- 
porates in the form of a white fmoke, aad emits a ftrong 
fmell of garlic. 

4. it is aded on by all acids. 

5. It gives a white (lain to copper. Let a little of 
the metallic arfenic be put between two fmall plates of 
copper ; bind thcfe clofely together, by iron-wire ; and 
heat them in a fire. The inSde of the copper plates 
will be llained white by the arfenic. 

6. Tne white oxyd of arfenic is fuluble in water, which 
diffoives about ^p of its weight. 

7. The oxyd is folublc in mofl acids. * 

8. The oxyd of arfenic, by repeated diftillation with 
nitric acid to drynefs, is converted into an acid, termed 

* Black flux is formed by detonating, in a crucible, one part of 
nitre with two of cream of tartar. 

Kz 



Kpipe, the colour may be deAr^^l 
, and agsin be rejiroduccd by the | 
Kx.Biiat one, ui uy ^ I'mall pi'.rlicle of nitre. 
. 8. When powdered manganelc, and nilre, arc mixed 
^KCther, and thrown into a rej hot crucible, the nitric 
Acid is dccompofcd ; and we 'ubtain a compound ofbigh- 
fy uxyd^iicd m^nganele with pot-a(h. This compound has 
the finguUr piopetiy of exhibiung difierenl colours, ac- 
jcording to ttie quantity of water that is added to it. 
A rmall quantity givet agre«n folution ; a furiher addi- 
'tion changes It toa blue; more Hill, to purple; and a dill 
Jsrger quantity to a beauiifiil deep purple. Hence ibia 
ha been termed the camelion mineral. This property 
^c deftroyed by a very OnjH qLiantity of fulphurec of pot- 

9. The role colour of fcluiinns of maganefe, in fu!- 
phuric and phofphorie acids, is dellroyed, by expofure 
|tO the light of the (ua, and redored again, when rc- 
IDoved into darkTiefs, This effeft depctidi on the de- 
«xydation of the metal by ilie fon'a rays. 

Art. XXXI 1. Cobalt. 

1. Cobalt may be purchafed in a metallic form, at a 
price lower than that of pure Tilver. 

2. Cobalt becomes tarnilhed by expofgre to air, but 
is not eafily oxyJated, to any «xsent, by the adion of . 
Ileal ano air combined. ' 
, 3, Its btrt folvenii are tfie nirric and nitromuriatic 
BCids ; and i!;e Ibluli^ns have the firigalar properly of 
forming fympaihptic inks. Charafleis wiitltn w" ' 

- thefe folutlons are illegible when cold; but, whe 
gentli: iieat is applied, ihey afiume a beaaiiiul blue 
'i green colour*. This enpetiment is rendered more ar 
' fing, by drawing ihe tiunk and branches of a tree, 

* For htnt ingtnlom fptculaiions on the caufe of theft ph»no- i 
«n*na, lamfuli Mr. Hilchett's pjuer on the CatiothUa nolvlJiliiW 



"7 

the ordinary manner, and tracing the leaves with a fa- 
lution of cobalt. The tree appears leaflefs, till the pa- 
per is heated, when it fuddenly becomes covered with 
beautiful foliage. 

4. Oxalic acid throws down, from folutions of coba1t» 
a rofe coloured precipitate. 

5. Cobalt, when oxyded, forms zalFre, which has the 
property of giving a deep bine colour to glafs. 

The rarer and newly difcovered metals. Molybde- 
nite, Uranite, Tellurite, Chrome, &c, I omit ; becaufe, 
owing to their dearnefs and scarcity, they are not likely 
to become fubje^ts of experiment to the chemical fta- 
dent. 

Art. XXXIII. Nickel. 

This metal m^y, alfo, be procured in the ftateof a 
regulus. Its jplutions in nitrous and muriatic acids are 
of a green colour, and are precipitated blue by ammo« 
nia, in which the oxyds are, alfo, foluble. 

ART. XXXI V . Vegetable Suhftances* 

I . Vegetable Extra£t. 

. This may be obtained, by evaporating the expreiTed 
juices of recent vegetables, or their infufions or decoc- 
tions. Is has the following properties : 

A. h is cohtil^'e ; of a brownifh colour ; and gene- 
ral] v of a biiterilh tafte. 

m 

^, It is foluble in cold water, but much more readi- 
ly in hot. Hence the decodions of certain fubftances, 
(Peruvian bark for example) become turbid on cooling. 

C. It abforbs molfture from the atmofphere. 

D. It is foluble in alcohol, and in alkalis, but not in 
aciJs. 

E. When to its folution in water, oxygenated muri- 
atic acid is added, a precipitate is thrown down which 



AM fblnUc, hy ihe Tame «gn)H ii t^e orTginal ex- ' 

2 Mucihgl. 

Thti fubHance In a dry Hate is commonly known by 
the name of gum. ' Gum atabic may be employed at 
«n example. 

A. It i] briitle, dry, and infipid. 

B. It forms a vifcid (olutioa wiih water. 

C. It is not diOblved by alcohol. 

D. Its foliition in water is precipitated by Goulard's 
<itraa of lead. 

BefiJe [his ihere is another kind of mueil:ige termed 
vifcid mucilage, found in eiicilated and young planes, 
and in the Tap of Irees, of w3iicb it form! a conliiterable 
fan. It may be obuintd by boiling the marflimallow, J_ 
Cr cjuincr feeds, in water. Its foluliii-i is more ropy '; 
ihan that of ihe gum mucilage, and it becomes four fay 
expofure to the air. 

3. Sugar anJ Oxalic Jad. 

t. SuBar is foluble in waier, but lefs leadily in alcohol. 

2. Sugar nn xhe application ofliea;, fwells and fnams, 
•rid a bl;i(k coal is left. 

3 When heaieJ with nitric ac'd, it is acidified. Put 
an ouiice ot white fugar intu a rciori, with Rx ouncci of 
nilric acid, and apply a gentle heal. Nitrous gas will 
ti difcngaged in o,car abunriance. When ibe whi.Ie 
of the fugar is dilT^lved, liiDill oiF a pan of the acid. 
The re-iiaining liquor will form regular cryftals, which 1 
miifi be again liiffoUcd in water, and cryftalized. Lay ' 
this fecond crop of cryftals on blotting paper to diy. 
They have the following properties. 

A. They are readily lolobie in water. 

C. They are changed into a coal by a red heat, 

B. They have all the properties ol an acid. 

D. They combine with alkalis, and form neutral 
falls. 
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I has the properly of forming an biela* 
nth lime. Into a glaCs of lime waier, let 
fjo oi folution of acid or lugaf ; a white 
precipiuie will iniraed!a;ely fall lo the botiom of ihe 
Veffet. The oxalic acid eieu fepaiaiei lime from its 
combination wiih other aciidi. Hence a piecipiiaiion 
cnliies, on dropping oxalic acid into a iolutioa of fiiU 
phate or muriaie of lime. 

4.. 'Native Vrgitabii AciJi, and JciJula. 
Native vegetabe acids are fueh as ate found, ready 
formed, in plants tir their ftuns, and require only ptef- 
fure, and other fimple proceffrs, for their extraflinn. 

A. Ciincaeid. This eitiils in an uncombired ftate, 
in the jo:ce of lemona and of limes, or loultly comhi- 
ned with mucilage and encraCtive mailer. It may bo 
obtained in a pure ftaie, by fatiirating lemon juice with 
powdered chalk. A white pri-cipilate will fail down, 
Cumpofed of citric acid and lime. To this, fulphuric 
acid, very much diluted, i; to be added. The fulphuric 
acid will feize the lime, and (et the citric acid at'liber- 
ly ; and, when the folutian is evaporated fofficiently 
low, the citric acid will Ihoot into regular cryftals. 

This acid is readily fcloble in water; and may be 
applied to all the purpofea, for which ftcftv lemons aro 
ufed. 

B. Gallit add. Thisacid exifts in the gall-nut. It 
may be obtained, by expofing an infufion of galls in 
water to the air. A mouldy pellicle will form nn the 
furface of the infufion 1 and, after fume months expofiire, 
fmall yellow cryftals will appear 00 the infide of iho' 
velTel. Thefe cryftals, maft be diffiilved in alcohol, 10 
feparate them from other fuhftances, and the folution 
evaporated 10 drynefs. 

It may, alfo, be obtained by fublimation. Pounded 
galls are to be pot into a retort, and heat applied. The 
gallic acid will rife, and be eondenfed in the neck of 
the retort in a foUd form. 
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The gitlic acid requires 24 tipes its weight of « 
water for foluiion, or three pans of bailing water. i_. 
cohol, when ^old, dilTuSvci one fourth, or an equal 
weight when heated. Thefe fclutionj redden the infu- 
ItOQ of litmus, and Arikc a d^ep black with foluiions of 
iron. 

C. Malic adJ. This acid ejtifls in ihe juice of ap- 
ples, goolberries, and of feme other fruits, and is found 
mixed with the citiic, and occafionajly with others. It 
may be obtained by evaporating the juice nearly to 
(Iryners, and then adding atcuhol, which difToives the 
acids, and leaves the mucilage. To this folution of ci- 
tric and malic acids in alcohol, chalk is to be added to 
faturaiion, and the precipitate to be walhed with boil- 
ing water, which takes up the malate of lime, and leaves 
ithe citrate. The folution of the mdate of fime majr « 
(hen be dccompofed by fulphuric acid. 

The malic acid cannot be chryfUllized, sod, in gene- 
ral, forms deliquefceni falts. 

Dt Tarlarieui ad J and its timbinauons. This acid 
may be obtained from common cream of tartar, by dif- 
folving it in boiling water, and adding chalk, as long 
as any effervelcence enfues. An infoluble taitrite ol 
lime falls down, which may be deccmpofed, like the 
citrate of time, by fulphuric acid. On evaporating the 
folution, regular cryDals are obtained. 

This acid is readily foluble in water. It combines 

with alkalis. When pot-afti is exaflly falurated with it 

ireatral fait is obtained, which diffolves very readily 

er; bi.t on a Hill further addition of acid, we ob- 

fait, which requires 20 parts of water for folution. 

'llitlaftis identical with common cream cltanar. which 

■ Ufiriteofpot-alh, wiih a conCderable excefiuf acid ; 

4enc« has been termed the acidulous taririieof pot- 

Iv adding to this as much alkali, as will faturaie 

of acid, it becouet cafiiy ioluble : uid by 



Kgaln rendering the acid faperabnndant, it is again ren- 
dered infoloble. 

E. Binxnk acid. This may be obtained from 4 fub- 
ftaneeiefmed gum benjamin, by fublimaiion. IccKids 
in a folid form, and may be procured at the druggilts* 
(hops', under the name of flowers of bEnjimin. Thefe 
flowers are manlfeJlly acid properties. 

P. The oxalit: acid is also found naiive, in the juice 
of forrel] forming a fait with excefs of acid, or an acid* 
ulum. 

S- Fixed Oili. 

1. Thefe oils are obtained, by prefTure, from cet' 
tain vegetables, as the olive, the almond, linfeed, &C. 

z. As thus obtained, they aie generally found com- 
bined with mucilage. 

3, They do not c-.-mbine with wjter, or with alca- 
hol. 

4, They unite with alkalis, and form foap. 

5, Their properties are changed by boiling with me- 
lallicojtyds, thole of lead for example. The mucilage 
unites with the nxyd, and the oil is rendered drying, and 
fii for the ufe of the painter. 1 

6. Vilalik er EJinlial Oih. 
I- Tliefeoili have a penetrating fmell ; and an acrid 
lafte. 

2. They arc volatiliaed by a gentle heat. 

3. They are foluble in alcohol. 

4. They do not unite with water. With the inter- 
vention of a little fugar, however, they are combinable, •] 
in rmall proportion, with water. 

;. When nitric acid 'm poured upon thefe oi's, efpe- 
cially if it has been previoufly mixed with one fifth or 
one fixth nf fulphuric acid, tlie mixture burils out into a 
violent flame. This experiment requires caucignt ^ 
the inflamed oil is apt to be fcatcered aboec. 



6. Sevtniof ititta detonate, when robbed wiib oxy- 
' EciiatcJ muriate of pai-alh, and tatce fire when pomed 
iQio oxygenated muriaiic acid gas. 
, 7.* Edential oili are ihUkened by long expofure [o 

Cainpbor refemblej the eflcnlia) oils in many proper- 
ties, but is not inflamed by nlttic acid, which canverta 
it into an acid dillingiiilhed by peculiar propeiiies, and 
'termed ibe camphoric acid. 

7. R,/,,. 
Refms are tkeinfpiflated juices of certain plants, and 
are obtained, generally, by wounding their baik. Gum 
copal, or lac, m^y be taken a an example. 

1. They are dry, brittle and iiiflammable. 

2. They dilTolve readily in alcohol, and eflVniial 
oils, but not in water. Frain their folution in alcohol, 
they are precipitated by water. 

3. They are the bafis of cements and varnifties, and 
are chiefly gfeil in medicine. 

Gom reCns are relins mixed with exttaftive matter, 
and are (oluble partly in aicohul, and partly in water. 
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Common (larch may be taken, as an example of fari- 
lA. it will be found 10 have ihe following ^uiiliiies. 

I. It is not foluble in water, unlefs when heated to 
j6o° I find if the temj^eraiute be raifed to 180", the 
■ folution eoagulaies. 

z. Like fugar, it is converted, by the aflion of the 
■ ; acid, i:ilo oxalic acid. 
When dillllled alone, it yields an acid, termed 
ihe pyro mucous. This h^i been lately (hewn to be 
'* lentical with vinegar. 

Farina forms a confiderablc part of wheat and 
Hour, and of the poiatoe. It may be obtained Ic- 
wathing with water. 





;. Tc becomes lour, vvhen export^ in a moiH dale to 
the air. 

g. Gluten. 

1. Gluten may be obtained from wheat Bour, by 
Ikneading it incu daugh with water, and walh'mg oif, 
from this, all the farina, by repealed affafions of water, 
working it at the fame time with the fingers. 

2. It is elalHc, and when drawn out. recovers itfelf 
fomeihingiike the elaftic gom. When ftroriEly heated 
it Omiiks, and if diftilled in a retort, unlike other ve- 
getable fubllances, it yields amm'inia. 

3. Wben expofed moiH lo the atmofpherc, it does 
not torn four, but puirilies like animal matter. 

4. It is foJuble in pure alkalis, and pre cjpi table hj 

10. Elajlic Gum or Caauleheat. 
I. This fubftjncc is Inflammable. 

3, It is impc'feaiy dilTolved by fpirit of turpentine. 

4. lis'Tiy folvent iseihef : and. when emplcyed for 
this purpofe, the ether Itiould be previoufly waihetf. 

Thii maj' be done by fliaking -.. . 

with wmtr, anil half witl etl 
to be held inverted, and the \ 
vi«ll, fuffered to efcape. In 1 
ether is loft; and thi 



bottle. halfGlJed 
tic is next 



In this way. about half the 
ndrr is confiJerably flronger 
1 may be lb applied,' a^ to 



II. The WsoJy Tih,-e. 
\. ThM forms the bafis of all wood, and is more 
abundant in proportion a^ the Wiiod is harder. 

2. It is infolobltin water. 

3. When expofed to heat it affirdi 3 peculiar acid, 
called the pyroligneous, which has been lately proved 
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M^e acetoai. Id the reiorl, a blade 
, which h charcoal. 

IE. CaUuriitg Mailer. 
The colouring matiei cxifls in vegetables, combined 
with various other principles ; and according to the na- 
tore of the fubdaQcc with which ic is combined, it is {o- 
luble by difTereni menftiua. It has an affinity for alu- 
mine and foroxydof lin, ia confequence of which thefe 
fcluiions precipitaie infufioos of the colouring principl» 
in water. 

1. Toadecoflion of madder in water, add alblution 
cf fulphite of alumine. The aluminc will combine 
with ibe colouring matter, and will form a coloured pre- 
cipitate, or i^ke. 

2. To the fame decoflion add a little of the nitro- 
muriateof lin. The oxyd of tin will detach the colour- 
ing matter, and will form an infoluble precipitate. 

3. Similar experiments may be made on an infufion 
of cochineal, which, though an animal produftion, owes 
its colouring matter, remotely, to a vegetable. 

4. On this principle) of its attrailion for colouring 
matter, depends the ufe of alum in dying, its bafia fer- 
ving as an intermedium between the doth and the C0> 
louring principle. 

Wax. 

1. Wax is readily fuGble, and in6ammable. 

2. Yellow wax is bleaclied by oxygenated muriatic 
icid. 

3. Wax is folublc in alkalis. 

Rt/nUi ef the decompofition 0/ FegHaiUs. J 

Vheus ftrmenlation. — ^Tlie phenomena and refult of 
. this procefa (hiold be accurately examined ; which may 
be dow wiih the aid of an apparatus, fimilar to that 
aefciibcd in Lavoi&er's Elements, part %. 



The properties of alcohol may be exhibited by thofe 
of ifae fpiric of wine, generally found tn the fhops. Or 
the fpint may be converted into alcohol by adding to it 
dry carbonate of pot-a(h, as long as this is rendered moilt 
by [he fpirir, and afterwards diililling off the alcohol 
tvith a very genile heal. ' 

1. AIcoIid] h conflderably lighter than water. 

2. Ic unices cheinically with water, and caloric la 
evolved during the combination A eontraftion of bulki 
alfo, enfues. Hence a pint of water, and a pint of al- 
cohol, after admixture, and when perfciftly cold, are 
found 10 occupy a lefs bulk than two pints. 

3. It is inflammable. During its combullion carbo- 
nic acid is genetated, and a quantity of water, exceed- 
ing in weight ihe original weight of the alcohol. An 
ingenious apparatus proving this, is figured in Lavoi- 
fier's Elemenis, plate IX. fig. 5. 

4. Alcohol is the belt folvent of refins, and elTeDtial 
oils. 

5. By dillillation with fuch acids, a readily give up 
their oxygen, alcohol is changed into elher. Thus 
equal parts of fulphuric acid and of akohol, mixed to- 
gether very cautioufly, by adding fmall portions of acid 
repeatedly 10 the alcohol, give, on diftillaiion, ihe liquor 
termed ether. It may be formed, alio, by means of the 
nitticor oxygenated muriatic acids. 

1, Ether is extremely light ; its fpeciftc gravity be- 
ing even confideiably lefs than that of alcohol. 

2. Ic is not mifcible with water; and, when thefe 
two fluids are Ihaken together, the ether, on Handing, 
always rifes to the furface, 

3, It is extremely volacile. A few drops evaporaie, 
almoit infiantly, from the palm of the hand. 

4. During its evaporation a confiderable degree of 
cold is f toduced. This may be Ibewa by inoifteiiiogt 

J>2 
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fBtetllf; dw bulb of a ihermometer with eiheri and 

exp'ifiiigit loihe air. See alio At!. II. No. iz. 

5. Ether, at the tetnperaiure of 104°, exifts in the 
ftaic of 3 gas. This may be ttiewn by filling ajar with 
^Witler oi thii temperature, and inveriing it in a veiTel 
he fame Then introduce a little eit^^r, by means 
I fmall glafs tube, clofed at one end." The ether 
will rife i« (he top of the jar, and, in its ajtent, will be 
ngcd into gas, 

). Etiieris changed into a gas, by diminifhing the 
ighl of ihe atmofphere Jnlo a glafs lube about fix 
lies long, and hall an inch diameter, put a tea Ipoon- 
of Ether, and fill up the tube with water, Then, 
preiTing the thumb on ifie open end of the lube, place 
it, inverted, in a jar -of water. Let ihe whole be fet 
tander the receiver of an air pump, and the air exhauft- 
ed. The ether will be changed into gas, which will 
expel the water entirely from the tube. On re-admit. 
ting the air into the receiver, the gas is again cooden- 
fed into a liqu'd form. 

7. The gas, produced by the voljiilizaiion of ether, 
ii inflammable. Fill a fmall and very flrong vial with 
oxygen gas, and let fall into it a drop of ether. On 
ooniaft with the fiame of acandle, a loud explofion will 
take place. 

I. Comra"n vinegar, purified by diftillation, may be 
taken as an'e:{3mp1e of acetous acid. 

-2. The acetous acid may he concentrated, by expo- 
fure to cold, which congeals the water (ooner than the 
real acid, and affrrds a mean of ieparating it. 

3. Acetous acid unites with alkalis, earths, and me- 
tallic oxyds. 

A. When pot-afti, fafurated'wiih this acid, is eva- 
' soraied to diynefs, the fait HfTumes ablack colour. Oti 
"being Te-diiTolved, however, aod again evaporawd, Ac 
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^ ■fah U obtained white, and when fuled and fMRred to ■ 
cool, afiordsiheacetiieof poc-afti. 

This fah ftrongly atirafts moillure &tim the air, and 
)3 very foluble in water. When expofed to a prelty (Irong 
heat, it is decoroprifed ; carbonic acid and carbonated 
hydrogen gaflca comeover; and in th' retort iheie re- ' 
mains a mixture ot carbon with carbonate afpot-alh. 
■ When this fait 15 diftliled, wiih halHts weight of ful- 
phuric acid, the vegetable acid is expelled in a very 
concentrated forni, and is then termed — 



I. This 
genifmell. 



jlettic Acid. 
d has a very ftrong talte, a 



loft pun- 



very volatile ; and is inflammable when heat- • 
ed, taking lira on the approach of a lighted paper, and '- 
burning like alcohu).. 

3. It oniieawiih alkalis, and ibe folotions, when eva- 
porated, do not become black. Hence it is probable 
that tlie change "f acetous into acetic acid depends in 
great mealureon the fepara'ion of carbon. 

4. This acid may be obtained from the aceiite of cop- 
per by dittillaiion per fe. 

J. The acetic acid, in the temperature of 38° of 
Faht. congeals or becomes glacial ; and again liquifies 
at 59°. s 

6. When dillilled with alcohol it affords an ether, 
termed acetic ether. 

The acetous acid majr be, alfo, combined with tntyds 
of lead and of copper. Lead corroded into a"while oxyd, 
cr rather carbtinaie, by the fumes of vinegar, furma 
cerole or while lead, which, when difToIved in dillilled 
vinegar, and chryfiatlized, c..nliituie3 the acetite orfu- 
garof lead. This fall is not decomiiofed, wiihont the ad- 
dition of fulphuric acid. Copper, corroded in a " 
manner, afFords veidigrla. which, when diflblved in dif- 
tilled vinegari affords a cbryilallizablefali, called acetate 



From this the acetic acid idSj^be'I^Ufti 

ted by difiiliaiign pec (e. 

ART, XXXV. Animal Siiljlanus. 
I. Ammat Jelly. 
Animal jelly may be extrai^.ted from rood of the foft 
parts of animals, and even from bones, by long con- 
tinued boiling' It forms the hafis of foups, broth, &c. 
and imparts \a thefe iheir nutritious properties. 

It '\i radily foluble in warm water; and cnngcals, 

when cold, into a cohefive fubfiance, which may again 

be diflblved by water. It becomes four, when expofed 

to th» influence of the air. When evaporated to dry- 

h nefsj it forms poitable foup, glue, iiinglafs, &c. 

z Animal Albumen. 
The white of an egg may be employed, in exhibiting 
the qualities of animal .itbumen. 

A. Albumen is infoluble in water, even at the boil- 
ing temperature. 

B. It is foluble in pure alkalis, and is precipitated 
again by the addition of acids. 

C. It is coagulated, by the temperature of i6o°, 
into a folii! cohelive mafs; and alfo, by acids, oxyds, 
and alcohol. The coagulum, thus produced, is Tolu- 
ble in alkalis only, and during (he foliition ammonia it ' 
evolved. 

D. On expofure to air, it palTes to the putrefaAive 
fcic, ' 

E. When expofed to a gentle heal, in a retort, with 
diluted nitric acid, azotic gas is difengaged, which pro- 
ceeds not from the acid, but frum the animal matter. 

Glultn, er Aaimal Fibre. 

L , Gluten forms the bafis of ihe mufcular or Befliy parts 

uf animals, and remains, combined with albumen, when 
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all the foluble parts have been wafhed away by w«t«r. 
It may, alfo be obtained from coagulated blood by lay- 
ing this on a linen Ilrainer, and pouring oa water, till 

. a while fibrous matter alone remains. 

f I. Gluten is inlotuble ia water, except by the long 
continued heat of a Papin's digefter. 

2. It is foluble in acids, and in pure alkalis. 

3. With diluted nitric acid, it yields much more 
azotic gas than any other animal fubflance. 

4. It differs from albumen, in being coagulated by 
the merec-intjft of air, and by a temperature of izo"; 
and in being infnluble in cnld liquid ammonia. Its 
Arufture, aifo, is fibrous ; whereas that of albumCQ il 
fmooth and homogeneous. 

Jnimal Oil. 
Animal oil differs from the vegetable oils, in beiog 
generally folid at the temperature of the aimolphere, 
but is fimilar to (hem in il> other properties. Among 
animal niU, nay be ranked butter, tallow, lard, fuer, 
fpermaceti, &c. They all coniatn a peculiar acid, cal. 
led the fcbacic acid. This may be obtained, by adding 
to the oil, when liquefied by heat, finely powdered 
quicklime; coIleAiug the lebate of lime; and dilliUing 
it with fulphuric acid. 

A fingnlar inllance of the produflion of animal oil 
from the lean or mufcolar part of animals, is prefented 
by the converfion of muicle into a fubftanee llrongly 
refembling fpermaceti. To effeft this converfion, it 
is only neceffaty to confine the flciby part of an animal, 
in a box with feveral holes in it, under the furface of a 
running ftream. When thus confined the change talcei 
place ipontaneouHy in the cuurfe of 3 few months. But 
It may be accomplifhed, much fonner, by digefiing ani- 
mal mufcle in strong nitric acid and waabing off the acid 
by water, as foon as the change has enfucd. The fper- 
maceti, thus obtained, may be bleached, by expofurc "" 
the oxygenated muriatic actd gas. 



have acquired various impregnations. The readteft me- 

thod of judging of the contents of natural waters, is by 

applying what are termed teft^, or re-agents ; i. c. fut>- 

ces, which, on being added to waierj exhibit, hf 

phenomena ihey produce, the nature of ihc laline 

Other ingredients. For ex.mple, it on adding infii- 

of Tumai to any waier, its culaur is changed to red, 

nfer, that the water contains an uncoinbined acid (> 

ihis change enliies, even afier ihc water has been boili 

: judge that the aciJ ;s a fixed and not a volatile 

And if, 01 adding the muriated barytes, a pr&« 

j^pitate falls down, we falely conclude thai the peculian 

•cid, preCcnt in the wa.er, is either entirely or in part, 

»he fulphuric acid. 1 thail fi.ll enumerate the tefls. ge^ 

nerally employ edin examini ng waters, anddelcribe their, 

applic^ilion ; and, afterwards, indicate by what parilj 

CuUr lefts the fubftances, generally found in waters 

may be deieded. 

1. In/ufan ,f litmus— Syrup ofVuhtt. t£ 

As l\ve inlufion of litmos is apt to (poil by keeping 

I ir^dude in the c.eft Ibtne/ohd Ij.mus. The .nfafwj 

i, prepared by deeping ih« fobftance. «:« ?=ru.fed » 

a mortar, and tied up in a thm rag, in dul.lkd wate, 

by . M""" »' tSt" " ». *= u..«- '''-?" 
■ oniUTOS. 
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Paper ftained wkh the jtiice of the March violet, or 
with that of radilhes, anfwers a fimilar parpofe. In 
ftaining paper for tlje purpofes of a teft, it mull be ufed 
unfized ;or if fized, it muft previoufly be walhcd with 
warm water ; becaufe the allum, which entt rs into the 
compoiition of the fize, will otherwife change the vege- 
table colour to red. 

In the Philofophical Magazine, Vol. I. p. i8c, may 
be found fome recipes for other teft liquors, invented by 
Mr. Watt. 

Infuiion of litmus is a teft of moft unconobined acids. 

(i) If the water, under examination, redden the un- 
boiled, but not the boiled water; or if the red colour, 
occafioned by adding the infufion to a recent water, re- 
turn to blue on boiling, we may infer that the acid is a 
volatile one, and moft probably the carbonic acid. Sul- 
phurated hydrogen gas, diflblved in water, alio reddens 
litmus, but not after boiling. 

(2) To afcertain whether the change be produced by 
carbonic acid, or fulphurated hydrogen> when experi- 
ment ftiows that the reddening caufe is volatile, add a 
little lime water. This, if carbonic acid be prcfcntwill 
occafion a precipitate, which will diffolve, with effcr- 
vefcence, on adding a little muriatic acid. Sulphurated 
hydrogen may, alfo, be contained in the' fame water, 
which will be afcertained by the tefts hereafter to be 
defcribed. 

(3) Paper tinged with litmus is, alfo, reddened by 
the prefence of carbonic acid, but regains its blue co- 
lour on drying. The mineral and fixed acids redden it 
permanently. That thefe acids, however, may produce 
their ef&6t, it is ncce^Tary that they (hould be prefent 
in a fufticient proportion. (See Kirwan on Mineral Wa- 
ters, p. 40.) 



M 



It. tafiijhm af Lilmut rtJJintd hy Vinegar— Sp\ 
Tinaure of Brazil WcoiJ—Tindure a/Tun 
and paper ft ained'uiilb each ef ibefe three fubfti 
Syrup ofVickt$. 

All ihefe different tefls have one and the fame ob- 
jeft. 

(i) Infufion of iitmus reddened by vinegar, orlitiniii 
paper reddened by vinegar, has its blue colour reftored 
by pure alkalis and pure earths, and by carbonated al- 
kalis and eartha. 

(z) Turmeric paper and tindlure are changed to a 
teddilh brown by allc^ilia, whether pure or carbonated^ 
and by pure earths, but noi by carbonated earths. 

(3} The red infufion of Brazil woiid, and paper Gain- 
ed with it, become blue by allculis and earths, and 
even by the latter when dilTolved by an excels of carbo- 
nic acid. In the lad meiuioned cafe, however, the 
change wili either ceafe to appear, or be mucli lefs r;* 
markable, when the water has been boiled. 

(4.) Syrup of violeis, when pure is, by the fame 
caufes, turned green ; as alfo paper llained with thd 
juice of the violet or with radiflies. 

III. TinBure nf Galii. 
Tinflureof galla is the teft generally employed for 
difeovering iron, with all the combinarions of which it 
produces a blaclc linge, more or lefs intcnfe according 
to the quantity of iron, By applying this tell before 
and after evapotaiion*or boiling, we may know whether 
the iron be held in folaiion by carbonic acid, or a fix- 

(1) If it produce its effeft before the application of 
heat and not afterward, carbonic acid is the folvent. 

(2) If alter as well as before, a mineral acid is the 
\ folveni. 

(3) ^f by the boiling a yellowifh powder be prectpi- 
■M, and yet galls coniinue 10 Itrike the water black 
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afterwards, the iron, as often happens, is diflblvedboth 
by carbonic acid and by a fixed acid. 

• IV. Sulphuric Add, 

(i) Sulphuric acid difcovers, by a flight efFervef- 
cence, the prefcnce of carbonic acid, whether uncom- 
bined, or united with alkalis or earths. 

(2) If lime be prefent, whether pure or uncomblned, 
the addition of fulphuric acid occaiions> after a few 
days, a white precipitate. 

(3) Barytes is precipitated, iaftantly, in the form of 
a white powder. 

(4) Nitrous and muriatic falts, on adding fulphuric 
acid and applying heat, afe decompofed ; and if a ftop- 
per, moifiened with /blution of pure ammonia, be held 
over the veiTel, white clouds will appear. For diftin- 
guifhing whether nitric or muriatic acid be the caufeof 
this appearance, rules will be given hereafter. 

V. Nitric and Nitrous Acids, 

Thefe acids, if ihey occafion effervefcence, give the 
fame indications as the fulphuric. The nitrous acid has 
been recommended, as a ted diftinguifhing between 
hepatic waters that contain fulpharet of pot-a(h and 
thofe that contain only fulphurated hydrogen gas. In 
the former cafe a precipitate enfues on adding nitrons 
acid, and a very fceiid fmell arifes : in the latter a slight 
cloudiness only appears, and the fmell of the water be- 
comes lefs difa-grceable. 

V I . Oxalic Acid and Oxalates, 

This acid is a mod delicate teftof lime, which it fepa- 
rates fr ip all its combinations. 

(1) If d water, which is precipitated by oxalic acid, 
become milky on adding a watery folution of carbonic 
acid, we may infer that pure lime (or barytes, which 
has never been yet found pure in waters) is prefent. 
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_..alie acidoccafion a precipi , __._ 
Ijj'Iing, ihe lime i^ diifolved by an excefi 
CF carbonic acivl ; 

(3) If after bailing, by a fixed acid. A confidcta- 
'ble e^cefs of any of the mineral acids, however, pre- 
ihe oxalic acid from occafiontng a precipiciic, 
even though time be prefent, bccaufe fome acids decora- 
pore the oxalic, and oihera, diflolving the oxalate of 
lime, prevent it from appealing, (Vid, Kirwan oq 
Waters, p. 68.) 

I'he oxalate of smmonia. orof pot-ath, (which may 
taGIy be formed by fatarating their retpcflive carbonates 
with a foluiTon Df oxalic acid) are not liable Co the a- 
hovc objcilion ; and are preJctable, as re-agent's, 10 the 
uncoQibined acid. 

TJic fljaieof ammnnii, recommended by Scheele, I 
find to be a molt delicate tell of lime. Ii may be pie- 
pared by nddingcarbonaie of amtnociia to diliiied fluoric 
■cid, obfervicig thai there be a fmail excefs of acid, 

VI 1. Pure Mialis, and Carhonated Jlkalii. 

(1) The pore fixed alkalis precipiiaie all earths and 
jnetalS. whether dilTolved by volatile or fixed menllrua i 

jfily in certain dates of dilution ; for example, fu! 

phate of alumine in^y be prefent in water, in the pro- . 

portion of + grs. to 500, vvilhout being difcovered by 
\ pure fixed alkalis. As the alkalis precipitate Co many 
' fubllaiicei, it is evident, that they cannot aiFard any ve- 
L^ry precife i -.formation, when employed as re-agents, 
. From the colour of the precipitate, as it approaches to 

1 pure white, or recedes from it, an experienced eye 

I'illjuilge, that the precipitated earth coniaiofi'lefa or 

more of metallic admixture. 

(2) Pure iixed alkalis, alfo, decompoTe all falts with 
lafis of ammonia, which becomes evident by its fm'cll. 

I and alfo by the white fumes it erhibiis, when a ftopper, 
i:iBi»litcnei] with muriatic acid, i^ brcui^lii near. 
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(3l Carbonates of pot-a(h and fodahave fimilareftsflt. 
(4) Pure ammonia precipitates all earthy and metal- 
lic falls, Eefide this properly, it, alfo, imparls a deep 
blue colour to any liquid iliat contains, copper in a ftato 
offdaiion. 

(j) Carbonate of ammonia has the fame piopertiet, 
:ept that it does not precipitate magnefia trom its 
nbinations, Hence, to a(cerlain wheli.er this earth 
be prefenl in any folulion, add tiie carbonate of ammO' 
nia, till no further precipitation enfues ; filireihc liquor; 
and then add pure ammonia. U any precipitation now 
cccurs, we may infer the prefence of magnefia. 

viii. Lime-Water. 

As any quantity of lime-water, thai can be inclad--ij 
in a chemical cheft, would very foon be expended, it 
will hi neceifary for the experimenter to prepare 11 him- 
felf, which may be done according to the procefi def- 
cribed In page S6. 

(1 ) Lime water is applied to the porpofes of a teft, 
chiefly for deieAing carbonic acid. Let any liquor, 
fuppoled to contain this acid, be mixed with an equal 
■ bulk of iime-water. Ifcarbonic acid hi prefent, either 
free or cotnbined, a precipitate will ittlmcdiatdy ap- 
pear, which, on adding a few drops of muriatic acid, 
will again be dilTolved with effervefccnce, 

(i) Lime-waler will alfo ftiew the prefence of corro- 
Sve fublimaie, by a brick-dull coloured fedimeni. If 
arfenicbe contained in a liquid, lime water, when ad- 
ded, will occafiun a precipitate, confiding of lime and 
srfenic, whicli is very difficultly foluble in water. This 
preciiiitate. when mixed up with oil and laid on hot 
coals, yields the well known garlc fmeil of atfenic. 

IX. Pure Barytfi, ami iu Seluiia/i in PTaltf. 

" ( I > A (blution of pure baryies is even more effiflwal 

than lime-watcr, in deteiling the ptefcflce of carbonic 
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but as eT b^th tliefe we have cnuch better indicators, I 
do not enlarge on ils applicalion to this purpofe. 

(a) The ac^iiie it alfi. a tell of fulpinifated hj-drogeny 
and of fulphureis of alkalis, which occafion a black, pre- 
cipiiate; and if a paper, on which characters are tra- 
ced wiih a folutian of aceiite of lead, be held over a 
portion ofwaier containing fuiphurated hydrogen, they 
are f^on rendered vifible. 

(3) The aceiile tif lead is employed in the difcovc- 
ry of uncombincd boracic acid, a very rare ingredi- 
ent uf waiers To afcertsln whether this be pre- 
fent, forae cautions are necelTary. {») The uncom- 
bincd alkalis and earths (if anv be fufpefted) mult be 
fatiirated with aceiite or aceioos acid, {b) The ful- 
phates mull he decompofed by aceiiie or nitrate of ba- 
rytes, and ih- niuriaies by aceiite or nitrate of filver^ 
The filtered liquor, if b. racic acid be 'contained in it. 
will give a preclp tate foluble in nitric acid of the fpeci- 
fic gravity ol 1 . 3. 

3(1 V. Niiraie of Mercury prepared •viiib and luithoui heat.t 
This folution, differently prepared, is fometiines em- 
ployed as a tell. But fince other lefts aniwer the fame 
purpofes m'lre effcflually, 1 have not thought proper to 
include the niirate uf mercery in the cheft. • For the 
fame reafun, a!fo, oxyj^enaied muriate of^juercury ia 
omitted. 

V. M;riaic, Nltrple, and AciUte of Baryta. 

(l) Ttiefe ibluiuiis are all m"ft delicii.c telli of lul- 

ijliunc acid, and of its t. mbinations, with which ihejr 

BK a while precipitate, inr luble in dilute muriatic 

They are decompofed, hew ler, by carbtn.aie* 

uli; buc the precipitate, occafioned by ihele, ii folu- 

iry h-re and la fume Other pUcM, fpuki o( p«HabU. 
■H foe faic. 
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ble in dilute muriatic or nitric acids, with efFcrvefccnce. 

(2) Phofphoric falts occafion a precipitate, alfo, 

which is foluble in muriatic acid, without efFervefcence. 

XVI. PruJJiatei of Pot-ajh, and of Lime* 

Of thefe two, the prufliate of pot-a(h is the mod eli- 
gible. When pure, it does not ijpeedily aflume a blue 
colour on the addition of acid, nor does it immediately 
precipitate muriated barytes. 

Prufliate of pot-a(h is a very fenfible tell of iron, with 
whofe folutions in adds, it produces a Pruflian blue pre- 
cipitate, in confcquence of a double eledlivc affinity. To 
render its effe6t more certain, however, it may be pro- 
per (0 add, previoufly, to any water fufpedted to contain 
iron, a little muriatic acic], with a view to the fatura- 
tion of uncombined alkalis or earths, which if prefent, 
prevent the detedion of very minute quantities of iron. 

(1) If a water, after boiling and filtration, does not 
afford a blue precipitate, on the addition of prufliate of 
pot-alh, the folvent of the iron may be inferred to be a 
volatile one, and probably the carbonic acid. 

(2) Should the precipitation enfue in the boiled water, 
the folvent is a fixed acid, the nature of which mud be 
afcertained by other tefls. 

The befl mode of preparing prufliate of potafh, in a 
ftate of purity, is defcribed by Mr. W. Henry, in Ni- 
cholfon's Journal, vol. 4. ^ 

xvi I . Solution of Soap in Alcohol. 

This folution m2y be employed to afcertain the com- 
parative hardnefs ot waters. With dillilled water it N 
may be mixed, without any change enfuing ; but if 
added to a hard water, it produces a milkinefs, more 
or lefs confiderable, as the water is lefs pure ; and from 
the degree of this milkinefs, an experienced eye will 
derive a tolerable indication of the quality of the water. 
This cfi^cdt is owing to the alkali quilting the oil, when- 
ever there is prefent in a water any fubftance, for which J 



IkitilrirKftrongeraffinirytliiiiiihasfbrciil. TTtus 
nc<iiBbtn«d aciis, anJ all cu-rhy and inecailic ialu 
Bip'^fe Ibap t a:^d occi&oa lli^c piopeity in waters 

Pllcobol. wbeti nixo! whh any tvalcr. in the pro- 
cttion of about ancciual bolk, prectpiiaicE all ihefalti, 
jAkh it b iocapablc of diSbtviog. (See Kirwin on 
P>tcri, p. i6j.) 

■ IX. Salftnrtt ef Anmonin. 
It «nd ether futrhuicis, at well a; water Tatarated 
b fulphuntrd hydrogen, may be employed in deteC' 
- lead and aifcnJc, with the rormer ot which ihey 
a black, and wiih the latter a yeI!owi(h, precipitate. 
Vtetd and arfenic, however, ate never tpund in nacu- 
, 1 fhill referre, for another occaflaa, what I 
h>v« to tji/ «f the application of ihcfe lefti. 
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hiJi in gt»rT«2. Tofulioa of litmus — Syrup of 

tts, r. 

liiJSomtic. Ace:>(eofIeal, XUt. 3. 

]nJ CtritMii: In'ufion of litmiii. I. 1. 2 — Lime 

, Vin. I— BaryiicwiterlX. I. 
^ui Huriati:. Nitrate auJ acetice of lilver, Xlt. 
'^Hittic. Sulphuric acid, IV. 4. 
'dn^rii, Saiutioiii^fbaryiet, XV. z- 
Wrf Su.hk"-iy.!. By ii5 fme!!— a-id dellioyir^g the 
-*<vf Ji^.r,ij;, and of inf fion of ted rffM— by the 
•if the Imt-W. a IViv hours after the addiiiooof 
>»yd ul mangantfe. 



AiidSulphuric. Solution of pure biryWs, IX. Biry- 
lie fall., XV. Acetiteof lead. XII. 

Jlkvlis in gtneral. Vcgeiable colour), 11. 

Amaoma, by its fintll and leUt, II. 

Baryta anil its campmids, by fulpburic acids, IV. 

Carbsnaiit in general. Effetvefce on adding acids. 

Earth! dijpilviil liy (arliiiic acid. By a precipicacion 
on boiling — by pure allcalis, VII. 

Imi dljfd'nid by (a.yh<>«ii add. Tinflure of gallg, 
III. I. PrulTtateofpoi-afh, XVI. i. 

iy /ulpbarie acid. Same teds, 

III. 3, XVI. 2. 

Limt in a part ftale. Water fata rated with carbonic 
acid. Blowing air from ihe lungs. Oxalic acid* 
VI. 

— ■ - "^ diffultitd ly carlmnic acid. Precipi- 
tation on boiling— CauAic alkalis, VII. Oxalic acid, 
VI. - 

Mixgnefia dij/hl'ucd by carhoMic acid. Precipitation on 
boiling — the precipitate folnble in dilute fulpburic acid. 

Muriatis Bf alkalis. Solulions of filver. XII. 

. of lime. Solutions of filver, XII. 

and oxalic add, VI. 

Sulphaits in gtniral. Barytic folutions,' IX. and 
XV.— Acetile of lead XII. 

^ulfhm of AUminc. BiryticfoIutions.XI.andXV. 
—A precipitate by carbonate of ammonia not foluble 
in acetoaa acid, but foluble in pure fixed alkalis by 
boiling. 

Sulphait of limt. BaryEic folutions IX. and XV.— 
Oxalic acid, VI. — A precipitate by alkalis not foluble 
dilute fulpburic acid. 



ad<3ing fulphuric or inuriaiic acid. — Niirous acid, V. 



The reader, wlio Tnay wifh for rules for ihc complete 
and accurate analyfii of minciaJ wjieis, will find in al- 
jaoUt every elementary work, a chapier allotted to thi9 
iubjea. He may, alfo, confuli Bergman's Phwrical 
»nd Chemical Effays, Vol. I. ElTiy zd. and KJrwan's 
'Effiy on ihe Analyfii of Mineral Waters. London, 
1799. As this manual, however, may fometimes he 
employed as a travelling companion, and may attind 
'the Chemift where more bulity worlc? cannot be had, it 
may be proper to ftate, briefly the mode of analysing 
vaters, by the more certain, but ilill not unobjcfliona- 
>Ie, mode of evaporation. 

The veffels, employed for evaporation, (hoitU be of 
foch materials, as are not lik'cly to be afled on by the 
"contents ol (he water. I prefer thofe of ongl.ized bilcuit 
"ware, made by Meflfs. Wtfdgwriods; but as their for- 
face is not perfeflly fmoolh. and the dry mafs may ad- 
Jicre fo fttongly as not to be entirely fcraped off, ihe 
Waier when reduced to about one tenth or lefs, may be 
transferred, with any depofit that may have taken place, 
into a fmailer veifsl of glafs. Here, let it be evapo- 
tUfi to drynefs, 

A. The dry muh, when coUefled and accurately 

eighed, is to be f\ii into a bottle, and alcohol poured 

bm It to the depth of an inch. After having flood a 

*««i hours, and been oecafiooally thaken, pour ihe whole 

'Hre. wa(h it with a little more alcohol ; and dry 

ihe remainder. 
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quently ; and, after fome time, filtre ; afcertaining 
the lofs of weight. 

C. Bull the refiduum for a quarter of an hour, in 
fome what more than 500 times its weight of water, 
and afterwards filtre. 

D. The refulue, which maft be dried and weighed, 
is no longer foluble in water or alcohol. If it has a 
brown colour, denoting the preftnce of iron, let it be 
moiftened with water, and expofed to the fun's rays for 
fome weeks. 

I. The folution in alcohol (A) may contain one or 
all of the following fal's — muriates of lime, magnefia, 
or barytes, or nitrates of the fame earths. Sometimes^ 
aifo, ihe alcohol may take up a fulphate of iron, in 
which the metal is highly oxydated; as will appear 
from its reddilh brown colour. 

1 . In order to difcover the quality and quantity of the 
ingredients, evaporate to drynefs, add above half its 
weight of drong fulphuric acid, and apply a moderate 
heat. The muriatic or nitric acid will be expelled ; and 
will be known by the colour of their fumes, the former 
being white, and the latter orange coloured* 

2. To afcerlaia whether lime or magnefia be the ba- 
ils, let the heat be continued, till no more fumes arife; 
and let it then be raifed, to expel the excefs oT fulphu-' 
ric acid. To the dry mafs, add twic,e its weight of 
diiliJled water. This will take up the fulphate of mag- 
nefia, and leave the fulphate of lime. The two fol- 
phatcs may be feparately decompofed by boiling with 
three or four times their weight of carbonate of pot-aih. 
The carbonates of lime' and magnefia, thus obtained, 
may be feparately difiblved in muriatic acid and eva- 
porated* The weight of the dry falts will inform us, 
how much of each the alcohol h^d taken up. 

The prefence of barytes, which is very rarely to be. 
expedled, may be known by a precipitation enfuing, on 
adding fulpharic acid to a ponion of the alcohol folu- 

N 



tdced faru nercr jet bern cfi«Ae<9. It would lead me 

inii) lotj lang a dilculTion, to comment, in \hh place, 
on the Jcfiniiians ihai have been generally offcfed, and 
lo ftite the ground) of objcfiion to each of them. Sen- 

fi,b\c, iheicloif, thai I irm unable to prefeni an onex- 

^fcpiionnble chaiafler of einhy badiet, 1 Ihall felefl 
^fucli a one, as may be fuflicicnl /or the lefs accurati 
purpol'eof general dillinfli'm. 

" The term Karlh," fays Mr. Kirwan, " denotes s 

' tjftelefit inodoroui, dry, brittle, uninflammable fub- 
Aance, whnfe fpeufic gravity does not exceed 4. 9, 
(i. e. which is never five timea heavier than waier], 
ai:d wbich gives no linge to borax in fofion." After 
ftatii'g fome exeepiions to this definition, affi'rded by 
the Itrong tafie of certain earth], and the fulubility of 
oihert, he arids ; " Since, however, a line moft be drawn 
bettveeit Talis and earths, I think it fhouH begin where 

-fulucion iti fcarce percrpiible ; falls terminating, and 
■earths, in flriftnefs, commencing, where the weight 
tf the water, rcquifite for the folution, exceeds that of 
the folvend, 1000 times. But, not to depart too wide- 
ly from the commonly rectived import ct words that 
»re in conllant ale, fubftances, that require 100 limel 
iheit weight of water 10 difioWe them, aad have the 
nihcr fciifiblc properties of earths, may be fo ftyled in 
■ lofife and popular fenle." 

The fimple, or pfimilive earths, are thofe which can- 

I tiot be relolved inio more remote principles, Sucji are 
lime, argill, magnefia, &c. 

The compound earths arc compofed of two or more 
primitive earihi, united chemically liigetler. S-me- 
times, ihe union of an earth with an acid conftiiuiei 
what is vulgarly called an earth, as in the examples of 
fulphatcof lime, fiuaie i.f lime, &c. 

Sain. UiiJer this head, Mr. Kirwan arrange- -all 
thofe fubflincCi, that rtquiie te(s han 2oo iimes iheir 
of water V i T-We ihem-" T'ii delcripiim. 
by aa means To ittnply charaflei i&ic ot ihe clafi 



of falu, as to ferve for an exa& deHaition, is fufficidit 
for our prefent porpofe. 

" By Injtxmmahh Fo^iU" ihefame auihnr obfervei, 
■■ are to be unJertlaod all ihofc, of mineral origin, 
whofe principal charafter U infldfiimabilitj', a criterion, 
which excliiaes i^e diamond and pcialiic fubdancei, 
though. alTo, rufceptible of com bull ion." 

Ms'lallk Suhftanm are fo wdl charafleriied by ex- 
ternal propertiea, as not to require any definition. 
" Thore, on which nature has bcftowed their proper 
metallic appearance, or whkh are alloyed only with o- 
ther metals or femi-meials, ate cal,ed nali-vt melali. 
But thofe that are diDinguiOied, a^ ihey comm'mly are 
in mines, by eombin:ilion with feme other unmetallic 
fijbftancet, are faid tu be mineralized, The Tubftance 
tl'at fets them in chat Hate is filed a mineraliier, and 
the compound of both an ore." Thus, in the niotl 
common ore nf copper, this m?ial is found oxyJateJ, 
and ihe oxyd combined with lulphur. The coj'psrmajr 
be faid to be mimraiized fay .txygen and Tjiphur, and 
the compound of the three bodies is called an ore of 

Method 6/ examining a Mi>iei-al. the compcplisn of wJiV* 
ii un&noiuB. 

A mineral fublance prefenred to our eiraminalion, 
without 4ny previous k'lawleJge of its com po fit ion, 
fiiould lirft be referred to one of the above four clafTea, 
in order that we may attain a general kriowleJge of ill 
nature, before proceeding to analyze it minutely. 

I. To afcertain whether the unknown mineral con- 
tains faline matter, let ion grains, or any other deter-- 
minate quantity, in the Hate of fine powder, be put 
into a bottle, and (haken up lepeatedly with 30 timet 
its weight of water, of the temperature ot izoor 130°. 
After having Hood an hour or two, pour the CDiiltnM 
N z 



t. Lat1<c (>lt tn tbc tstt place, be rtfetrei to one of 
~|lir<r4)RW^n{; tndcn. 

f (i) ^«W>. er/a/f» -ui/A «ff/. 0/ flr<y. Thefe are 
km wi bjr tli«it fffcCi '■*! blue vegeiabic colours. The 
^puitcuUtfpccrs nfacid ma./ be dilcovered by ihe ies[t 
•'ddinbcil. page 143' 

(b) AkaiJi. T...ie ate eha.aaerifed by their effeft 
on vrgeiabie cdI ur>, and by the other properlics enu- 
nenilril. page 47. 

(c) Sain -wilh metallic hafti. Thefe afTord a veiy CO- 
pioui prtc'piialf. when mixeJ w ih a fcilution of ptu li- 
ne 0/ fl alh. To afcctuin Ihc Ipecies of meial, preci- 
pita'e the wh^^le by piuQiiie of pol-a(h ; calrine ihe pre- 
cipitiiiir; and proceed accofJng Co the rules, Hihich 
will hcreatier be given, tat fepancing meials fiom each 
Other. 

■ t.t) Sahi loiih tarthy ta/r,. If a folution of TaJt, in 
which pruliidtc of pm-ilh OiTcarinns no precipication, 
>fifi>t(l a precipitate on adJing pure or carbonated pot- 
aih. we Ri'iy intrr, that a cotnpnund of an acid, with 
fome one of ihe earths, is pfefeni in the Ibktion. Or 
if after profliJle ot pot a(h has ceafed tn thiow down & 
fcdimeni, the above mentioned slk»li piecipitaiei s 
furtrter portion, we may infer that boih earthy and me- 
tallic fairs are contained in the foiuiinn. In the lirft 
cafe, add the alka'ine folution, anJ, and when it hai 
ceafed 10 produce any effect, let the fediment fubCdej . 
decani the fupernatanlli<jiit>r ; and wafb and dry the pre- 
cipitate- The earths may be examined, according to ' 
the rules that will begivi;n in the foHnwing article. In 
Ihe lecond cafe, pruffiate (if poi-afh muft be added, ■■ 
long as it precipiiatrs any thing j and the liquor moft , 
be d. 'Canted f>nm the fedimem, which is to be walhed ' 
wirh dtdilie-' water, adding the wafhings to what ha« 
bern pnored oiF. The decanted folution ir.ullnextbe 
mixeJ whh the alkaline one, and the preciiitaied earihl 
relerved f r cuperiment By this laft procefs, earths 
and mctab may be (eparatcd fii^m each other. 
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E. NeutralSali! 'viiih alialhit hajh. Tliefe falfs are 
K precipitated 'either by projfiate or catbonaie of poi- 
1. Timay happen, however that falls ol this eld's 
may be contained in a Tolation, along with metallic or 
cartliy ones. In this cafe the analyfis becomes difHcuIt ; 
becaufe the alkali, ihai is added to precipitate the two 
laft, renders ii difficult to afceriain, whether the neutral 
falts are owing to this addition, or were oiiginally p re- 
fent. I am not aware of any method of obviating this 
difiiculcy, except [he following. Let the metals he 
precipiiaiedby prufliate of ammonia ; and the earths by 
carbonate of ammonia, in a temperature of ]3o° or up- 
wards, in order to enfure ihe decompofition of magne- 
fian fails, which this carbonate does not effect in the 
cold, Separate the liquor by Gliraiion, and boil it 10 
drynefs. Then evpofe the dry mafs lo fuch a heat, as ii 
fufficient lo eupe! the ammoiiiaca! lalis, Thoie, wiih ba- 
its of fixed alkali, will remain fixed. By this procefs, 
indred, it will be impolTiMe to afcertain whether ammo- 
niacal falts were originally prei'enc ; but this may be 
learned by adding, to the fall under examination, be- 
fore ill fnlution in water, fame pure pot-alh, which, if 
ammonia be contained in the fait, will produce its pe- 
culiar fmell. The vegeiaMe and mineral alkalis may 
be diltinguilhed by adding lo ihe falution a liiile lariar- 
ous acid, which precipitates the furmer but not the lat- 
ter. 

Having alcertained the bafis of ihe fall, the acid will 

eafiiybe difcriminated. Muriaced bary.cs will indicate 

.^ fulphutic acid, nitrate ol filver the i.utianc ; and falw 

containing nitric at'id may be known bv a detouatioa 

enfuiiigon projefli^g ihini, mixed with powdered char- 

. coal, into a ted hoi crucible. 
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Z. Examiaalhn of Earlhi and Stones. 
'hen »mineral,iheenmpo(iiion of which we are de- 
s (0 diii^^er, refills the aAioo of water, and polTef- 
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precipitation j but after fome time, fmall and inftiiuble 
cryllals wtII form on the furface o( the jar. TheTe lie 
the pruffiiicd baryies, which may be changed inio ihe 
C3rtM>nate by red beat, coatinued with the acccfa of .lir, 
till ihe black colour difappcars. The ftrontites nuy be 
aCtctwarJt leparated frum ihe foluiion by carbonate of 
pO!-afti. 

A third method of repara.ting Urontiics fiom barytei 
K founded on the ftronger aiStiity of baryies, than of 
the former earth, for acids. Hence, if the two'earthi 
be prefcnt in the fame folution, add a Ibliicion of pure 
barytei (fee page 97) tilS llie precipitation ceafes. 
The baryies will feize the acid, and will throw down 
the (Irnnriies. The (Irontiiic folution, in this cafe, 
Ihould have no excefs t>f acid, which would prevent the 
aflion of the barytic earth. 

D. The folution _(B) after the addiilon of fulphafe 
of foda, may contain lime, magncfia, alumtne, and 
fome metallic oxyds. To feparate the (jxyds, add ptuf- 
fiate of pat-a(h, till it; efTi-fl ceal'es, and filtre the fo- 
lution.referving the precipitate for luture experimentt. 

E. When limei magnefia, and alumine are contain' 
cd in the fame fulution, proceed as foUaws. 

(a) Precipitate the fuluiicn, prcvioully made hot by 
carbonatJ ot pot aih ; wafh the precipiiaie well, and 
iiy it. It will confift of carbonates ol line, mjgnefia, 
and alumirc. (b) The alumine may be fepjrated, by 
digellion with a folution of pore pot-alh, which will 
diffoivc the alumine, but not the other earths, (e) 
To this foloiian of alumine, add diluted muriatic acid, 
till the precipitate ceafes ; decant the fupernatant li- 
quor ; wa(h the precipitate well with dilUllcd water, 
and dry it- Then cxpofe it to a low red heat, in a cru- 
cible, and weigh it, which will give the proportion of 
alumine. 

F. Msgnefia and lime reiay be fepirated, by the fol- 
lowing procefs. Evaporate thefoluiionin nitricor mu- 
riaric acid to dryneft. Weigh the dry mafs, and pour 
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on it, in a glafs evaporating difh,* more than its own 
weight of ftrong fulphuric acid. Apply a fand heat till 
the acid ceaTes to riie^ and then rai(e the heat, (o as to 
expel the excefs of fulphuric acid. Weigh the dry mafs, 
and digeft it in twice its weight of cold diftilled water. 
This will dilTolve the fulphate of magnelia and will 
leave the fulphate of lime^ which muft be put on 
a filtre, walhed with a little more watcrr, and dri- 
ed in a low red heat. To eilimate the quantity of 
lime dedud from the weight of the faj^)|jate 59 per 
cent. • 

The magnefia is next to be precipitated, from the 
fulphate by carbonate of pot-a(h, in a heac approaching 
212^ ; and the precipitate, after being well washed, 
muft be dried, and calcined for an hour. Its weight, 
after calcination, will give the quantity of magnefia 
contained in the ftone. 

G. If magnefia and alumine only be contained in a 
folution (the abfence of lime being indicated by the 
non-appearance of a precipitate, on adding oxalate of 
ammonia) the two earths may befeparated by adding, 
to the cold folution, the carbonate of ammonia. This 
will feparate the alumine, which may be collected, wa(h- 
ed, and dried- The magnefia remaining in folution, 
may be precipitated by carbonate of pot-aih ; heat be- 
ing applied, to expel the excefs of carbonic acid. 

H. The infolub'e rpfidue (A) may contain alumine, 
filex, and oxyds of metals, fo highly charged with oxy- 
gen, as to refill the adUon of nitric and muriatic acids. 

(a) Add concentrated fulphuric acid, and evaporate 
the mixture to drynefs, in the veiTel defcribed, ,in the 
note below. O.i the dry mafs pour a frefh portion of 
the acid ; boil again to drynefs ; and let this be done, 
repeatedly, three or four times. By this operation the 

* The bottom of a broken Florence flalk anf^rers this purpofc 
extremely well, and bears without breaking, the heat neceffary to 
expel the fulphuric acid, 

o 
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cortcKm into a neuiral Ailphatc of 
luiaiar, Wbkh uill be icad^icd eafily foluble in waim 
aier, by »dding a flight excefs of acid. Lei the fol- 

ih»u- of olamiae he wafted off, and the infoluble pan 
t colkacd and dried. The aluroine may be precipi- 
fated, by c»tboii«ie of pot.afii ; waOicd, dried, and ie- 
•^■icd; and its weigh! afcciUined. 

(b) Thetixjds (generally of iron only) miy be feoa- 
;/atcd fiom the filex, in the following manner. Let the 
infolubk MTl {3) be iieaieJ in a crucible with a little 
•'-". Thimll ren>'er ihc oxyds foluble in dilmed ful- 
ric acia; af.d the filcx will be left fute and Abite. 
il bewafited j ignited ; aiid its weight alcertaiiied- 

X. Sltnti in/nlaiU in Muled nilric and muriatk aciiii, 

Thefe ftones mufl be reduced to powder, obfcrvirg 
the cautions given in page 15 :V 

' I. Let IDO graiti;, or any othcrdeterminate quanti- 
, ty, be mixed with three times their weight of pure and 
^'ry pQt-a(h. Put the whole into a crucible of filver or 
platina, and add a liule water. The crucible, covered 
'ith a lid, irnist then be gradually heated ; and as the 
latcriah fwell and wouli! boil over, they are to be 
ftirrcd, conllantly, wiih a rod of filver tr platina. 
When ihetnoiftureisdiflipaled, and the mafs has be- 
come quilc dry, raife the hcai, as far as can be done 
without melting ihe crucible, -il of filvtr; and coiitl-- 
nue the lieai, ihifing half an hour or an hcor. 

The plietiomeiiB, thee occur during this i^peration, 
' indicate, in fomc degree, iIjc nature cf the mineral bn- 
i!crexnmlnStion. Il the mixture undergo a perfefily 
liquid fafion, we may prefume tbai the tione coniaini 
much filicious earth ; if it remain party and opaque, 
the ether eaiths are to be fufpefled ; and, iaftly, if ii. 
ban the forta of a dry powder, the bulk of which has 
I tonliderablyincrcafcd, it is a fign of ibc ptedorainancc 
of alumine. 
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If the fufed mafs has a dark green, or brownifh co- 
lour, the prefence of oxyd of iron is announced ; a 
bright green indicates maDganefe, efpecially if the co- 
lour be imparted to water; and a yellow irti green the 
oxyd of chrome^. 

K. The craaWj being removed from the fire^ is to 
be well cleaned on the outfide ; and fet with its con- 
tents, in a porcelain or glafs veiTel, filled with hot 
water, which is to be fHrred, and renewed occafionally* 
till the whole mafs is detached. The water difTolves a 
confiderable part of the compound of alumine and filex 
with pot-a(h, and even^the whole^ if added in fufficient 
quantity, 

L. To the folution (K)/ and the mafs that has re- 
iided folution^ in the fame vefTel, add muriatic acid. 
The fird portions of acid will throw down a flocculent 
fediment, which confifis of the earths that were held dif- 
folved by the alkali. Then an cfFervcfcence enfues ; 
and a precipitate occurs^ which is no fooner formed than 
it is diflblved. Laftly, the portion, that refilled the ac- 
tion of water is taken up, filently if it contains alumine, 
and with efFervefcence if it be calcareous earth. 

M. From the phenomena, attending the atflion of 
muriatic acid, fome indications may be derived, if 
the folution aifume a purplifh red colour^ jt is a fign of 
oxyd of manganefe ; an orange red ihows iron ; an^J a 
gold yellow colour betokens chrome. Freedom from 
colour proves that the flone contains no metallic ingre- 
dients. 

N. When the folution Is complete, it is to be eva* 
porated to dryncfs in a glafs vcflel : but if ar,y thing re- 
M folution, it muflbe heated as before (I) with pot- 
afh. When the liquor approaches to drynefs, it a/Tumts 
the form of a jelly, and mull then be diligently ilirred 
till quite dry. 

O, (a) Let the dry mafs be digefted in a gentle heat, 
with three or four pints or even more of diftilled water ; 
and filtered.' (b) Wafli what remains on the filtre, re- 
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till ibc wiQiings ctiCe to precipitate the ri 
Ucr i ai>d n<fd (be wifhingt lo the filtertd 
(c] Let the tciiilue on t)ie filtre be dried, and 
iKii'ied in a-cmcible. Itt weighi Ihews the quantity of 
filt». If pore, it Iboulfi be peileSlj while ; bol if it 
li>*c *ay colour, an idmixEcte of foMtoctallic oxyd is 
inJicaied. From this, it may be purtBed by digelfica 
' in iccriaiic >cid ; and may again be w^ed, igaitedaod 
»eightd. 

P. The foIotioB (O). which owing to the additi 
of the walhiitgt, will have coRlidcrable bulk, isDcxita 
bfEviporatciJ, tilUefs ihin a pint remains ; csibanate 
of poi a(h muft then be added ; and the liquor muff be 
heated during a fe^ minuies. Let :he precipitate, oc- 
caiioiied by ihe alkali, fubfiife ; decant the li()uor from 
above it; and walh the fedimeni, repeatedly, with 
varm water. Let it then be put on a filire and diied. 
Ci_ The dficd powder may contain alumine, lime, 
magiiefia, baiy[e>, or ftroot'fes ; befides meialHcoxyds j 
which may be leparaled Jro-a each other by iberales al- 
icady given. 
. R. It may be proper to examine the folucion (P) af- 
ter the addiiion of carbonate of poi>aIh ; in order to 
discover, whether any atid what acid was cootaioed in ' 
the flone. * 

(a) Fnr ihin purpofcj let the exeefi of alkali be ncu-. 
ralized by muriatic acid; and the liqugr filcered. 

(b) Add to n little of this liquor, a folulion of m 
Hed baryies. Should a copious precipitate enfue, wl 
B infoluble in dilute muriatic acid, ih? prefence of full 

phuric acid is deteflcd. And if much baryies, ftron-' 
tiles, or lime, has been f and in ihe precipiiaie Q_ wl 
ni*y i'ller the pretence of a fulphatc 'of one of ihefe Lhr«» 

(c) If. on mixing the liquid (a) with the folotii. . __ 
mariaied barytes, a ptecipitaie enfues. which ia foIiL^ 
bie, wiihouc effervelccnce, in muriatic acid, tlie phot 
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plioric acid may be known to be prefent ; and if lime 
be, alfo founds the phofphate of lime is indicated. 

(d) To a portion of the liquor (a) add a folucion of 
muriate of lime till the precipitate, if any, ceafes. 
Colled this precipitate, wa(h it, dry it ; and ^*our oa 
it a little fulphuric acid. Should acid^fumcs arife, the 
fluoric acid may be fufpeded. To afcertain its pre ence 
decifively, diftil a pdrcion of the precipitate with half 
its weight of fulphuric acid. The fluoric acid will be 
known by its effects on the retort, and by the properties 
defcribed, page 92. 

S. The method of feparating, from each other, the 
metallic oxyds> ufually found as the culouring ingredi- 
ents of flones, remains to be accomplifhed. 

(a) Let the precipitate, by the pruffiate f'f pot-afh 
(D) be expofed to a red heat ; by ivhich the pruilic acid 
will be decompofed. Throxyds, thus obtained, i^ in- 
(bluble in dilute nitric or muriatic acid, will be rendered 
fo by again calcining them with the addicionof a little 
wax or oil. 

(b) Or the procefs may be varied by omitring the 
precipitation by pruffiateof pot-alh, and proceeding as 
direded, E. page 156 

The oxyds will remain mixed wUh the magnefia and 
lime ; and after the aJdition of fulphuric acid, will be 
held in folutionby that acid, along with magnefia only. 

In both cafes, the fame method of proc eJing may be 
adopted, luch variation only being neceffary, as is oc- 
caiioned by the prefence ot magneiid in the latter. 

(c) To the folution (a or b), containing fev ral me- 
tallic oxyds diffolved by an acid, adJ a folution of c ryf- 
t alii zed carbonate of pot a(h, as long as any precipita- 
tion enfues. This will feparate the oxyds of iron, chrome, 
und nickel ; but the oxyd of manganefe, and the mag» 
nefia, if any be prefent, will remain dtfTulved. 

(d) Magnefia, and oxyd of manganefe, may be fepi- 
rated, by adding to their folution (c) the hydiu-iulpba- 

O2 



_ pot»»0»(»e«p^7> ^3' which ivill i brow down 
ibc minganere, but not the magnefia. The preciptta- 
ttd mtng^aeSc mull be calcined with the accefs of air ; 
■nd weighed. The magnclia luay Afiectvarda tic {(-pa-- 
r.iicd by Iblution ot pure pcc-alh ; and when precipitaicdt 
null l>e walhed, dried, and calcined. 

(e) Thi oxyd o( ch[ome may be icparated, from cJioCe 
Cif )[(.n and nickel, by repeatedly boiling the three, lo 
drynelt, with niitic acid. This will actdify the chTontCi 
and will reader it folublein pure pot-aCh. which doei oaC 
l^lce up the other oxyds. From thti combination with 
pot-aO) the chromic oxyJ may be detached, by adding' 
maiiatic acid, and evaporating the liquor, till U afTunicc 
a green colour. Then, od adding a iblHtion of pure 
poi-alh, the oxyd of chrome will ^11 down, becaufe the. 
quantity ol oxygen, required for its acidiGcation, hll 
been leparated by the muriatic acid. 

(f)Theoxyj3of i*on and nickel are next to be diffaU. 
ved in jnuriaiic acid ; and lo the folution, pure liqoid; 
ammonia is to be added, liil there is an evident cxceft 
d( it. The ojfyd of iron will be precipitated ; and ntnft 
he dried and weighed. The oxyd of nickel lemaiftt 
diiTnlved by tilt escefs of ammonia, to which it imparts S 
blue colour. It may be feparatcd by evaporating the 
folution to drynefs, and diffolving the fait. 

The analyfisof ihe stone is now completed, and it| 
accuracy msy be judged by lie eorrefpondence of the 
weight of ihe component parts, with that of the ftonci 
originally fubmiited to experiment. 

It may be proper to obfervc, that certain floneii 
^ which are not Ibluble in diluted nitrie and muriat; 
acids_. may be deeompofeJ by aiicaficr ptoccfs than thi.,^ 
liefcfibedA. Among thefc, are the compounds of b.a. 
rytes. ilrontites, and Ume, with acids, chiefly with th,f" 
fiilphunc, fluoric, -and pJiofphoric. The fulphaies o 
harytes, ilrontites, and lime; the fiuate of lime ; ant. 
me pbofphate ot lime, are all found native in the earth, 
f ap^i<M'pttheiaft,itre>]l infoiuI)]B jg the >bove-inc& 
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tioned acids. They may be known generally by their 
external characters. The compounds of barytes and 
ffrontites have a fpecific gravity greater ihan that of 
other earths, but inferior to that of metallic ores. They 
have, frequently a regular or cryftallizedjbrm ; are 
more or lefs tranfparent ^ have fome ludre; and 
their hardnefs is fuch as does not prevent their yield- 
ing to the knife. The combinations of lime, with the 
above mentioned acids, arc dirtinguiftied by fimilar 
charadlers, except that they are much lefs heavy. 
To the mineralogift, the outward form and charafters of 
thefe dones are fufHcient indications of their compofi- 
tion. 

Inftead of the fufion with alkali, an eafier procefs may 
be recommended. Let the mineral, under examina- 
tion, be reduced to powder, and be digefted, in nearly 
a boiling heat, during one or two hours, with three or 
four times its weight of carbonate of pot-alh, and a fuf- 
§cient quantity of diftilled water.- The acid, united 
with the earth, will quit it, and pafs to the pot-afh ; 
while the carbonic acid will leave the alkali, and com- 
bine with the earth. We (hall obtain, therefore, a 
compound of the acid of the ftone with pot-afh, which 
will remain in folution, while the carbonated earths 
will form an infoluble precipitate. The folution may 
be aiTayed, todifcaver the nature of the acid, according 
to the formula I ; and the earths may be feparated from 
each other by the proceifes B, &c. 

T. In the foregoing rules for analyfis, I have omit- 
ted the mode of detefting and feparating^/«aV/^; be- 
caufe this earth is of very rare occurrence. When alu- 
mine andglucine are prefent in a mineral, they may be 
feparated from the precipitate (E. a.) by pure pot-a(h, 
which diflblves both thefe earths. A fofficicnt quantity 
of acid is then to be added to faturate the alkali ; and 
carbonate of ammonia is to be poured in till a confidera- 
ble excefs of this carbonate is manifefted by the fmelJ. 
The alumine is thus feparated; but the glucine, being 



' fallible in the carboiiHeof ammonii, remains difTolveJ,. 
and tB»y be piccipiiaiedby boiling the folucion. ^ 
U. The ptclence of pot a(h (which ha; lately been 
diicoveicd m lome ftonct) may be i)etc£ted by boiling 
Ihe powdtred mineral, fep .tediy, lo drynefs, wilh 
lb ng lulphuric acid. Walh the dry tnals with water ; 
add a iiute eXLCl's ol add ; and evaporate ihe folulion to 
a fmailer bulk. It crytl h of allum Ihould appear, it is 
■ deiirive'ptiiof Eft put-afh. becaufe this fait can never 
be'biaincd in a crj-ftjjized lorm, without the addition 
ofihe vegetable alk^ili. 

Bui, finec a mineial may contain pnt-afti, and liltie 
or no aluminr, in wh ch ca:e no crytlali of allum will ap- 
pear, it may be necelfary, in the latter CMie, to add a 
little aiutnine, all ng with the fulphuiic acid. Or the 
Itone may be lb hard as to relift ihe a£ti6n ol (ulphuric 
acid; and it »i!l then be ' ecetTary to tufe it, (in the 
manner directed I ) with foda, uhichhas alFo a Iblvent 
power over aluinine and jjicx. The fufed m k is lo be 
difTilvtd in water ; and uperfatn rated with (ulphatic 
SciJ. Evaporate toJrynefs j re-diffulve in wate» j and 
filtre. to feparate the lilex. Evaporate the folotion, 

, which wUl firft afford cryllak ol lulphaie of foda, and 
afterwards, >! fulph«te of alutnine, Ihould :hi3 alkali be 
fOniaJned in the mineral. 

The pt)t-aih c^niained in fnlphare of alumine, may 
6e feparated (rom the earth, by aiding a (oloiion of pure 
barvtes, as loni;asany rwcipiiation is produced The 
iliimine and fuli hate ol baryiej will fall down together, 
ind the pot-aft will remain in f.-lution. Its prefenc* 

I may be known by iKe tclb. p 146 II. 2. 

V. Soda miy be deleted in a mineral by the fbllow- 
g experiments. Let the powdrreJ Itone be treated 
viih falphuric acid, as in U ; wa(h off the foloiion, and 
^dt^iiofc ammonia, til the precipitation ceafes. Then 
; evapora'c the folution to drynefa j aniJ raife the 
A fo at lo expei the fnlphate of Bmmonia, The lut- 
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phate of foda will remain, and may be known by the 
charaders, p^gc 64. 

111. Analyfis of Inflammable Fojpls, 

The exa6^ analyfis of inflammable foffils is feldom 
neceiTary in diredling the mofl beneficial application of 
them. It may be proper however to offer a few gene- 
ral rules for judging of their purity. 

I. Sulphur, Sulphur fhould be entirely volatilized, 
by diftillation in a glafs retort. I^ any thing remain 
fixed, it mufl be confidered as an impurity, and may 
be examined by the preceeding rules. 

Sulphur, alfo, fhould Jbe totally difTolved by boiling 
with folution of pure pot-afh, and may be feparated from 
its impurities by this alkali. 

2. Coals, 

1 . The proportion of bituminous matter in coal may 
be learnt by diflillation in aa earthen retort, and col- 
led^ing the prodo^. 

2. The proportion of earthy or metallic ingredients 
may be found, by burning the coal, with accefs of air, 
on a red hot iron. What remains unconfu^ed mufl be 
confidered as an impurity, and may be analyzed by 
the foregoing rules. 

3 . The proportion of carbon may beafcertained, by ob^ 
ferving the quantity of nitrate of pot-afh', which a given 
weight of the coal is capable of decompofing. For this 
porpofe let 500 grains or more of perfectly pure nitre 
be melted in a crucible, and when red hot, let the coal 
to be examined, reduced to a coarfe powder, be projec- 
ted on the nitre, by fmali portions at once, not exceed- 
ing one or two grains. Immediaielyi when the flame 
occafloned by one projedlion has ceafed, let another be 
made ; and fo on till th&effed ceafes. The proportion 
o'f carbon in the coal is dire^iy proportionate to the 
quantity required to alkalize the nitre. Thus fince 
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12.709 of carbon aic required 10 ollsalize 100 of niirt, 
it will be cafy lo deduce ihe quantiiy of carbon in a gi- 
ven weight ol'coai, frum the quantity of nitre, which ii 
19 capable of dtronipoftng. This method, however, ii 
liable to feversl objcftionij which it* inveniot, Mr. 
Kirwan, Ceemi iaWy aware of. See his Rlemenis al 
Mineralogy, Vol. II. p. 514. 

PUm&jgo, Of Siacl Laid, is another infiammab'i- (a)>- 
fiance, which it may fomeriniej be highly ult-'ii! lu be 
able to identily, aifd to judge of its purity. — WIicd 
prcjcfied im red hot nitre, it ihuuld detonate i ami on 
diflblvinglhc decompofcd"imrc, an 'ixid ot iron (hnuld 
remain, amouniinj; to one irmh ihe weight of the plum- 
bago. Any mineral tbetf^iore. thai auikvcr! to there 
charaftere ; and leaves .\ Jhiniiig irace on paper. Lice 
that of the black lead pendU, i^ plumbago. 

IV. J.,aljj;i ifMilaUk Ore. 
The clafi of metals comprehends io great a numbct 
of individuals, that it is almofl impoHible tooifcracc-m- 
prehenlive formula for the an^lyfis of ores. Yet (ijme 
general direfliont arcabloluety necclTary, loertabte the 
naturalift to judge of the compofitions of bodies of this 
clafi. 

Theoresof metflisraay bcflnalyzfd in twomodefl, in 
' the humid and the dry way. Tiie firft is effefted with 
the aid of acids-and of other liquid agents ; and may 
often be accomplilhed by perfons who are prevented, by 
■ he want of iuinacc; and other ncceifary apparatus, 
from atempling the fe^t^nd. 

I[ is hardly pollible 10 employ a folvent capable oF 
laWrg op all the metals. Thus, the niiric acid do«i 
not aft on gold or piaiina ; and the ritro muriatic, 
which diflblves ihefe metals, has no folvent aflion os 
filver. It vvill be necelTary therefore to vary the foUent, 
aci^^rding to the nature of the ore under examination. 
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For Ores 0/ Gold and Platina, the nitro-muriatic acid 
is the moii proper folvent. A given weight of the ore 
may be digefled with this acid, as long as it extracts 
any thing. The (qlation may be evaporated tojdrynefs, 
in order to expel the excefs of acid ; and diiTolved in 
water. The addition of a Tolution of tin in muriatic 
acid will ftiew the prefencc of gold, by the purple pre- 
cipitate ; and platina will be indicated by a precipi- 
tate, on adding a folution of muriate of ammonia. When 
gold and platina are both contained in the fame iblution, 
they may be feparated from each other, by the laft men- 
tioned folution, which throws down the platina but not 
the gold, in this way platina may be detached, alfo 
from other metals. 

When gold ia contained in a folut'on, along with fe- 
veral other metals, it may be feparated from moil of 
them, by adding a dilute folution of fulphate of iron. 
The only metals, which the fait precipitates, are gold, 
filver and mercury. 

For extra£ting Jiher from its ores, the nitric acid il 
the moft proper folvent. The filver may be precipita- 
ted by muriate of foda (common fait). Every hundred 
parts of the precipitate contain 75 offilvcr. But as 
lead may be prefent in the folution ; and this metal is, 
alfo, precipitated by muriate of foda, it may be proper 
to immerfe in the folution (which fhould not have any 
excefs, of acid) a poliftied jJlate of copper. This will 
precipitate the filver, if prefent, in a metallic form. 
The muriate of filver is alfo foluble in liquid ammonia, 
which that of lead is not. 

Copper Ores may be analyzed by boiling them with 
five limes their weight of concentrated fulphuric acid, 
till a dry mafs is obtained, from which water will ex- 
tra^ the fulphate of copper. This fait is to be decom- 
pofed by a polifhed plate of iron, immerfed in a dilute 
folution of it. The copper will be precipitated in a me- 
tallic flate, and may be fcraped ofF and weighed. 
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Iffilverbe fufpeflrd along wtih copper, nitrous MiJ 
mull be employed a the fo! vent ; bd(1 a plate ofpoIiOt- 
cd copper will deieA (he lilver. 

IrenOrt! may be dilTolved in dilute muriatic 
or. il loo highly oxydated (o be dilTolved by this 
they mull be previoody mixed with one eighth iheii 
weight of powdered charcoal, and calcined in a crucible 
for one hour. The Iran is Lhus rendered roluble. 

Tne rulmion mult then be diluted with lo or ii 
limes it« quantity of water, previoufly well boiled, 10 
expel the air, and mull be preferved in a well ftoppei 
glafsbotilr, for fix or eight days. The phclphate of 
iion wilt, within that time, be precipitated, if any be 
prefeni, and ihe liquor mufl: be decanted oft". 

The folution nay contain the oxyds of iron, manga- 
nefe, and zinc. It may be precipitated by carbonate 
of foda, which will feparate them all. The oxyd of 
zinc will be taken up, by a Iblution of pure ammcnis ; 
dillilled vinegar will take up the manganefe ; and will 
leave the oxyd of iron. From the weight of this, after 
ignition, during a quarter of an hour, z8 per ceDt. 
may be deducted. The remainder lliowt the quaniiiy 

Tin Ores. No fuecefsfu! mode of analyzing thefe, in 
the humid way, has hitherto been diltovered. The pre- . 
fence of tin in an ore is indicated by a purple precipi- 
tate, on mixing its folution in muriatic acid, with oue 
of gold in nitru- muriatic acid. 

Lead Orci may he analyzed by foluiion in nitric add, 
diluted with an equal weight of water. The fulphur, 
if any, will remain ondiflblved. Let (he foloiion be 
precipitated by carbonate of foda. If any filver be pre- 
ient, it will be taken up by pure liquid ammonia. Walh 
off the excefa of ammonia by dillilled water ; and add 
iCrated (ulphuric acid, applying heat, fo that the 
acid may be wholy expelled. Weigh the ful- 
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phateor]e»d, and after dedufiiDg 70 per cent, then. 

raaindcr shows the quantity u( lead. 

Mcrcxry msy be deleted in ofM that are fuppofed Id 
contain it, by dillillaiion in an earthen retort with half 
their weight of iron filings or lime. The mercury, \i 
»ny be prcfein, will rife, and be condenfeii in die re- 

Ore! of Zinc may be digeBed with the nitric add, 
and the part that is difiblved, boiled to drynefs ; again 
diftjlved in the acid, and again evaporaled. By this 
means the iron, U any be prefent, will be rendered in- 
foliibie in dilute nitric acid, which will lake np the 
oxyd of zinc. To this folotion, add pure liquid ammO' 
Ilia in cxcefi, which will feparile ihe lead, and iron if 
any flioulJ have been diffulved j and the cxcef* of alkali 
will retain the oxyd of zinc. This may be fcparated 
by the addition of an acid. 

Miimania! Ores. DiiToive a given weight, in three 
or four parts of muriatic and one of nitric acid, This 
will take up the antimony, and leave the fulphiir, if 
any. On dilution with water, the oxyd of antimony is 
precipitated, and the iron atid mercury remain diffolved. - 
Lead may be detefled by fulphuric acid. 

Orel of Jrfinic may be digefled with nitro-murialic 
acid, compofedof one pan nitrous, and one and a hah' ' 
or [WO, of muriatic. Evaporate the foluiion t 
fourth; and add water, which will precipitate tl 
fenic. The iron may afterwards be fepariced by a 

Orii ofBifmutb ire alfo aflTayed. by digeflion i 
trie acid, moderately diluted, The addition of water 
precipitates the oxyd, and if nqt wholly 'feparated ax. 
firR, evaporate the foluiion ; after which a further ad- 
dition of^ water will precipitate the remainder. 

Orts afCsbah may be dilTolved in nitro-muriatic acid, 
Then add carbonate of poc-ath, which, at firll, fepa- 
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TMts ifDfi and snd arfcnic. Filtre and add a further 
quantity oi the carhonaie, when a greyifh red precipi- 
tare will fall down, which isoxyd of cqI ail. The irDn 
.and srlenicmav be TepaiaLciJ bv heat, wt)ich volatilizes 
the arfenic. Cobalt is aUn, afcerta'ined, if ihe rolulion 
ef an ore in muriatic aeid give a fympaihetic ink; 
l«p. 116. 

Or,, o/Nkie!. Dlfiblve iTiem in nitric acid ; and add 
o the folation pure ammcmia, in fuch pfporiion [hat 
the alkili may be con filter ably in txcefs. This will pre- 
cipitaie other melab, and will tetain ihe oxyj ointckel 
' in foiuiion, which may be obiained by evaporation lo 
drynefs, and heating the dry mals, till [he nitrate 0/ 
' Bmmoniahasfublimed. I 

Orcj cf Uanganrfi. The earihs, ard feverat of the 
metal), contained in this ore, may iiill be feparxed by 
diluted niiric acid, which ijoea not a£l on highly cxy- 
dated manganefe. Theoiemay afterward be digelled 
with flrong muriatic acid whiclj will lake up the onyd 
dI" manganefe. Oxygenated muriatic acid will aiife, if 
a gentle heat be applied, acid may be kntiwn by its pe- j 
culiar tmcll. and by its difcharging the colour of wer 
litmus paper, expi'fed to the fumes. From muriatic 
acid, the mangarcie is predpiiatpd by carbonate of 
fnda, in the form ol a while nxyd, which becomes black 
when heated in a crucible. Ores, fufpeded 10 contain 
manganere, may al(o be diliilled per Ic, or with ful. 
phuric acid, when oxygenous gas will be obtained. 
Oxyd of marganefe may be (eparaied from oxyd of iron. 
by Ibluiion of pure poi-aih, which i.ikcs up the forroei' 
but not the latter. 

Ores of manganefe may, aifo, be dillinguiflied, by ^ 
the colour they imparl to borax, when expofed together 
to [he blowpipe. Seep. 115. 

Orel nf Vrcmitt. Thefe may be diflblved in dilute 
nitric acid, which takes op the iiraniiic oxyd, and 
leives thai of iron ; or in dilute fulphuric acid, which 
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makes the fame eledion. Ox if any iron -has got isjo 
the folutionyic may be precipitated by zinc. Then add 
C/iadic poc-aih> which throws dowii the oxyds of zinc 
and uranium. The former may be feparated by di- 
gellion in pure ammonia, which leaves, undiifolved, the 
oxyd of uranite. This, when difToived by dilute Cul- 
phuric acid, a&'ords, on evaporation, cr) llais of a lemon 
yellow colour. 

. If copper be prefent, it will be difiblved, along with 
the zinc, by the ammonia. If lead, it will form with 
fulphuric acid a fait much lefs {bluble than the fulphate 
of uranite, and which, on evaporation, will therefore, 
feparate £r(l. 

Ores ofTungften, For thcfe, the moft proper treat- 
ment feems to be digeftion in nitro-muriatie acid, which 
takes trp t^e earths, and other metals. The tungften 
remains, in the form of a yellow oxyd, diflinguifhabie 
by its becoming white on the addition of liquid ammo- 
nia, from the oxyd of uranite. To reduce this oxyd to 
tungftenite, mix it with an equal weight of dried blood ; 
heat the mixture to rednefs ; prefs it into another cruci- 
ble, which ihould be nearly full; and apply a violent 
heat, for an hour at leait. 

Orei of Molybdenum Repeated diftlilation to drynefs, 
with nitric acid, converts the oxyd into an acid ; 
which is infoluble in nitric acid, and may be thus fepa- 
Tatcd-from other metals except iron, from which it may 
be difTolved by fulphuric or muriatic acids. The fohi- 
tion in fulphuric acid is blue when cold, but colourlefs 
when heated. That in muriatic acid is or.ly blue» 
when the acid is ^heated and concentrated. 

Analyjis of Ores in the dry nvay. 

To analyze ores in the dry way, ft method wh4ch af- 
fords the mgH fatisfadlory evidence of their compoiition, 
and fhould always precede the workinf; of large and ex- 
peoiive (irata, a more complicated apparatus is required 



Ah Bfikj-ing fttmace, wuh muftlas, crucibles, &c. are 
»b[o1atcly nrcelTary; but as liiefe may be found detcti- 
bed in mo& ckoicniary books, 1 iliali omit the detail 
vf them in ihii pl.ice. 

The redufiion of an ore requires, frequently, previ- 
cufly roafiing to expel the fulphur, and oilier volatile 
ingredienii. 0< this may be cffefted, by mixing tiie 
powdered ore with nitre. &nd projeftirg the mixture in- 
to a crucible. Thcfulphaie of poc-ith thus formed, 
may be walhedr:fF; and the oxyd mult be referved iat 
fubfequent experiments. 

At many ot the metals retain their oxygen fo forcibly, 
thai the apHcaiion of heat is incapable of expelling it, 
the addition of inflammable matter becomes expedieat. 
And to enable the reduced particles of meia! to aggluti- 
oaie and form a collefted mafs, inftead of fcatiered 
g.'air.s, which would oihcrwile happen, fi^nie fufiblc in- 
greJicnt muA he added, tlirougli which, when in fu- 
uon, the redaced metal may dclcend, and be collected 
at ihe bottom of the crucible. Subllances, that aniwer 
br.Jh thefe porpofes, are called >a«. The alkaline 
and earthy p.irt of fluxes fervc, aUo, anotherend, viz, 
ihat of combining with any acid, which may be attach- 
ed to a metal, and ffhich would prevent i» redoflion if 
not fcpaiated. 

The ores of different metals, and differf nt ores of ihe 
fame metal, require different fluxes. To cffer rules, " 
howtver, for each individual cafe, would occupy too 
much room in this woik. I iliall therefore only ftate a 
few of thefe fluxe; that are mull generally applicable. 

The black flux, (defcribed page 113 note,) it a very 
good one. Two parts of muriate ol foda, previoufly 
dried in a crucible, one part of powdered lime, one part 
of fluate of lime, and half a part of charcoal ; Or four 
bundled parts of calcined borax, forty of lime, and 
fifty of charcoal ; Or two paria of pounded glafs, one of 
borax, and half a part of charcoal, are all well adap- 
ted to the pgrpofe of fluBCs, The ore, after being 
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roafted, if neceiTary, is to be well mixed with three or 
four times its weight of the Hux, and put into a cruci- 
ble, with a little powdered charcoal over the furface, 
A cover mufl be luted on ; and the crucible expofed to 
the necefTary heat in a wind furnace. Ores of iron, 
as being difficultly reduced, require a very intenfe fire. 
Thofe of filver and lead are metallized by a lower heat. 

The volatile metals, as mercury, zinc, and arfenic, 
it is obvious, ought not to be treated in the above man- 
ner, and require to be didilled with inflammable mat- 
ters, in an earthen retort. 

For minute inftrudlions refpefling the analyfis of eve- 
ry fpecies of ore, both in the humid and dry ways, I 
refer to the fecond volume of Mr. Kirwan's Minera- 
logy- 
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AjiJ-lii-atioK tf Chimhol Teffi and Ri-a^enti I 

.fifjpurpcjts. 

SECTION I. 



htithcd rf ./enaing Poifinj. 

WHEN rudden death is Mpeetti m have been oc- 
cafiuned by the adpiniltration of poifoiti, eiibcf 
wiltull)' (ir by accident, the teftHnooy of the phyficitn 
ii occafionnllj' reqoited, to confirm or invalidate thi» 
fufpicion. He may, a!fo, be fometiir.es called upon to 
alcciiainthecaoreoJthe noxious effeae.arifing from the- 
prcfcnce ul poifonous fubdances in articles of diet ; »ni 
V may, therefore, lerve an important purpofc, to point 
out concifely, the CmpIeS and mcft pradicable modes of 
obiaining, by experiment, the necelTary informatian. 
The only poiltins, however, that can be clearly and' 
decifively di:t«d)ed by chemical means, are thofe of (be 
mineral kingdom. Arfenic and conofive fublimate are 
mod likely to be exhibited, with the view of producing 
death ; and lead and copper may be iniiadiiced, unde- ^ 
iig'icdiy, in fcveral ways, into our food and drink. Tbe 
continued operaiion of the iwo laA may often, unfulpec* 
.tod, produce cffcfls lefs fudden and violent, but not 
lef* baneful to health and life, than the more aflive^ 
k poifon: [ and their operation generally involves, in the i 
'"Wnitiou) confe-juences, a greater number of itlffiuen. 



1. Mithad ef difcB'vermg Arfenk. l 

Wheo the cufe of fadden death is believed, from ttie I 

fymploms preceding it, to be the admioiftration ofar- | 

fenic, the contents of the ftomadi muft be aiteniiveiy | 

examined. To effeS this, let a ligature be made at \ 

each orifice ; the llomach removed entirely from the bo- fl 

dy; and ii3 whole contents walhed 'lut inrn an earthen \ 

cr glafs velTel. The arlenic, on account of its greater | 

ipecific gravity, will fettle to ilie bottum, and may be 'j 

obtained feparate, by walhing off the other fubllancea ij 

by repeated affufions of cold water. Thefe wafliings fl 

Ihould not be thrown away, till the prefence of arfenic II 

has teen clearly afcertained. It may be expefled ac [ 

the bottom of the veiTel in the form of a white powder, 'j 

which muft b» carefully colleiiied ; dried on a Gltte ; and \ 
fubmitted to experiment. 

A. Boil a fmall portion of the powder, with a fevj \ 
ounces of diltilled water, in 3 clean Florence iJalk, and ! 
filtre the folutjon. \ 

B. To this foliition, add a portion of water fatorated I 
with fulphurated hydrogen gas (fee page 66). \{ arfe- ll 
nic be prcfent, a golden yellow fediment will fall down> 
which will appear foonee, if a few drops of acetic acid " 1 
be added. 

C. A fimilar effeifl is produced, by the addition of 
fulpharei of ammonia. \ 

D. To a little of the folution A, add a tingle drop 
ofa weak folution of carbonate of pot-afti, and after- J 
ward a few drops of a folution of fulphaie of copper. \ 
The prefence ofarfenic will be manifelted by a yellow- | 
ilh green precipitate. 

E. Thefodimenls, produced by any of the foregoing 1 
experiments, may be college d, dried, and laid on red 
hot«harcoal. A fmell of fulphur will firft arlfe, and 
will be lollowed by thai si garlic. [ 

F. But the moll decifive mode of determining the ' 
prefence of arfenic Is by reducing it to a metallic flate, 

in which its charailerj are slcar aud aTitQpv*sK.A. * i 



tills parpofe, let a portion of the white fediment cot- 
Ie£lcd from the contenis of the ftomach, be mixed wiib 
three times its weight of black flu*, fee page 1 1 3, or, 
if this cannot be procured, with two parts of dry carbo- 
nate of poi-arti (the fait of tartar of ihe (hops) and One 
of powdered charcoal. Procure a tube eight or nine 
inches long and one fixth of an inch in diameter, of thin 
glafs fealed hermetically at one end. Coat the cIole<! I 
end with clay for about an inch, and let the coaling 
dry. Then put into the tube the mixiurc of the powder 
and its fluK, and if any (hmld adhere to the inner fur- 
face, let it be wiped off by a feather. To that the inner 
furfaceofthe upper part of the lube may beguile clean. 
Stop the end of the tube loofely with a little paper, and 
heat the coated end only on a chafing di(h of red hoc ' 
coals, taking care to avoid breaihing ihe fumes. The 
arfenic, if prefent, will rife to the upper part of the 
tube, on the inner furface of which it will form a thin 
brilliant coaling. Break the tube and fcrape oiF the re- 
duced metal. Lay a little on a heated iron, when if 
it be arfenic, adenfe linoke will avife and a Itrongfincll 
of garlic will be perceived. The arfenic may be fur- 
ther identified, by putting a fmall quantity between 
two polilhed plates of copper : furroonding ii by pow- 
dered charcoal, to prevent its elcape ; binding ihefe- 
tightly together by iron wire; and expofing them to 
heat. If the included fubllance be arfenic, a white 
llain will be left on the copper. 

G, It m^y be proper to obfervc lliat neither ihe llain 
on copper, nor the odoar of garlic is produced by the 
white oxyd. when heated, without the addition of fome 
inflammable ingredient. The abfenfe of arfenic niaft 
not, therefore, be inferred, if no fniell ie occafiooed by 
laying the white powder on a heated iron. 

"" ' celebrated Dr. Black afcertained, that all 
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ihe neceiTary experiments, tor the deteflion ot arlenic> . 
way be made on a fmgle grain of ihe while oxyd ; this ' 
iinaU quantity having produced when heated in a tube 
_ : i 
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s proper flux, as much of the metal, as dcatly ' 
eftablilhed ils preience. 

If thequanc'cy ofarrenic. In thellomach, fliould be 
fofmall, which is not very prnbable, aa tooccafion death, 
and yet co remain fufpendecl in the wafhings, ihe whole 
contents, and the water employed to ivaJh ihem, muft 
be filtered, and the clear liijuor alTayed for atfenic by 
ihe tetls, B. C, D, and E. 

a Di/ccveiy if Conoji'vs Suhllmatc. 

Corrolive fublimaie (ihe oxygenated moriaie of mer- 
cury], next to arfenic, is the mull virulent of the me- > 
taltic poUons. It may be coUefied by ireaiing the con- 
tents of ihe Itomach in the manner already defcribed : but 
as it h more fulublc than arfenic, viz. in abcnt 19 
limes ii9 weight of water ; no more water muft he em- 
ployed than is barely fufficient, and the walhings muft 
be carefally prcferved for examination. 

[f 3 powder Ihould bo collefled by this operation, 
which pj-oves, on examination, not to be arfenic, it 
may be known to be coriofive fublimate by the follow- 
ing charaAers. 

A. Expofc a fmall quaniiiyof it, without any admix- 
ture, to heat, in a coaled glafs tube, as direfled in [he 
treatmein of arfenic. Cotrofive fublimaie will be af- 
ccrtained by its rifing to the top of the tube, lining 
the inner furface, in the form of a fliining white cruft. 

B. Diflblve another portion in diftilled water; and it 
may be proper to obferve how mivch of the fait the water 
is capable of taking up. 

C. To^thewairy folution, add a little lime water. A 
precipitate of an orange yellow colour will inAantly ap- 

D. To another portion of the foloiion, add a fingle 
drop of a dilute folmion of carbonate of pot-aQi {fait of . 
lariar), A white precipitate will appear; but on a 
iilll further addition of alkali, an orange coloured fedi- 
menc will be formed. 



E The nrhonite of fbda hat fimiUr offedii ' . 
F. SulphuraicJ wiler tt.rowi Juwn a daitc coloutei 
rediment, which when dried and Rroa^ly heated, » 
wholly voUtiliseJ, withoucany odour of gailic. 

The only mineral poifoo, of great virulence, thai Ml 
i not been tneiuioncd, and which rrom its being liiile' 
i known lo atl js fuch, il ii vety improbable wc fliould' 
I ni<f£i with, is liieckrbondte of barytes. This, in tho 
I cukinLry where it is (bund, is employed as a poifon k 
! rais, and there can be no doubt would be equally di 

ftrudive to human life. Il may bedifcovered, by dif- 
, iolving it in muriaLic acid, and by the infolubilily of thi 
j precipitate, which this folution yields, on adding fuh 
I phutic acid (lee p3ge97). Barytic flits, if ihefe have 
|. beea the means of poilon, will be contained in tbewatu. 
h empluyed lo walh the conienis of the Ifomath, and wiU 
I be detected on adding fulphvric acid, by a copioui ptc- 
I eipitaLC. 

3, Melhsddf dtlcaing Cspptr or Ltad._ 
Copper and lead forneiimes gain admiffion into ^& 
cles of food, in tonfequence of the employment of kil 
chen utenfils of thc^c materiaU. 

If copper be fufpedled in any, liquor, its prefence 
will be afceitained by adding a filuiion nf puie ammo-^ 
nia. which will llrike a beautiful blue culour. Ifthefo- 
lutioo be very dilute, it may b« concenltaled bv «vapo- 

Ll ration ; and if the liquor contain a confideriblt excef* 
I of Acid, like that ufed to preferve pickles, at much of- 
L Uie aikall mull be added, as \i more than fu.'Ecjeni to 
I faturaie the acid. 
1 Lead is occafionally found ir fufQcient quantity to be 
■ iojurtuus to health, in water that h^s been kept in lea-j 
V den vclTeb, and fometimes even in pump water, in con.-, 
V fe^neiice of the meia! being ufed in the conllruftion of. 
ft (he pump. Acetite cf lead has alfo been knuwn to bei 
^'(•Bdulently added to bad wines, with the view often-. 
t, ihtfir defcfts. 
.i , 
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Lesfi mny be diCcovered by adding to a portion of ihc 
fufpefted waicr, sboat half its bulk oj waler impre^ 
nated wilh fulphurated hydrogen gaf. If lead be pre- 
Tenr, U wi!l be manifelled by a dsjk brown or bIsckJIh 
linge. This If tl is (a delieaie, that water, tondeofrd by 
the leadeti worm ol a Itill-iob is fcnfibly afefled by it. 
It is, aiio, deteaed by a fimiUr efTedi enl'uing on the 
addition (>f'fiilphjre[sor ammiM.iaor poi-aCb. 

Fordifcoverinp (he prefence ol lead in wines, a teft 
invented by Dr Hahnemann, and known by ihe title of 
Hahnemann's wine lell. may be employed. This teft 
ti prepared by puiiing logeiber, into a fmaJI vial, fix- ' 
teen grains of the fulphurctof lime, preprired in (he dry 
way (lee page 87), and twenty grains olarijiulous tar- 
triieot'pot.aih (cream of iariat).-The vial n to be fil- 
led with watery well corked; and occ»fionally (hakeii 
foi (he Ipace of tei minitie*. When the powder hag 
fubfiJed 1 decant ihe clear liquor i and picfrrve it in a 
well flopped bottle for ule. The licjnor, when ftefti pre- 
pared, difcover? lead by a dark coloured precipitate. 
A further proof ot the prefence of lead in wines is the 
occurrence of a pfecipiiaie, on adding a folation of 
the fulphate of foda. 

SECTION 11. 

Rules fir a/certaining the Purity efChtmital Preparalions 

tmflajtifir the Purfo/es a/ Mediant, antt for siher 

up. 

I. Sulphuric Add—Aeidum ViirinUeam of the Lsndm 
Pbarmat(,fttia.—Oil ofFiirioi. 
The fpecific gravity nf fulpburic acid Ibnaldbe 1850. 
It flinald remain perfeftly tranfpareni, ivlien diluted 
with diftilted water. If a fedimtnt Ihould occur, on ' 
dilation, it ia a proof of the prefence of fulphate of lead 
or lime. 
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Iron will be deteEled in fulphuric icid, by raCnratin;; 
atdilmtfj porlion of ii with pure carbonate of foda, and 
adding pnidiate of pol-alh, which will manlfeft (he pre- 
ftaceof iion by apruflian blue precipitate ; or it will 
be difcovered by a purplifh or blackifh tinge, on the 
kdjition of tin&ure of galls, to a fimilarly faturaicd 
portion. Copper may be dikove.-ed, by pouring; inio 
» fimilar faiurated folution, pure falution of ammonia ; 
and lead may be detefled by ihe lulphoret of amrnonis- 
The Inter metal, however, is generally {Precipitated, 
OB dilution, in combination with fulphuric acid. 

Sulphate of pot-aft or of foda may be found, by ft- 
tnrating thediloted add wiiharamonia.^evaporating to 
dryoefs, and applying a pretty ftrong heal. The ful- 
phate of ammonia will efcape; and that of pot-alh or 
of foda wilt remain, and miy bediSinguilhed by itifo- 
lubiliiy and other cbarafters. (See page 64.) 

S. Nitric find Niitsui Adis—^JcidtiTit Kilrofam, 

Pharm. LanJ. Jqaa-fariii. 

Theniirtcicid Ihould beperfeaiy coloDrlefs and as 

limpid at water. It (hould be preferved in a dark pticc; 

to prevent its converfion into the nitrous kind. 

Thcfe acids are moft likely to be adulterated with ful- 

Ehuric and muriatic acids. The fulphuric acid may 
cdifeovered by adding 10 a poriiiin of the acid, largely 
diluted, nitrated or muriated barytes, which occabon, 
with fulphuric acid, a white and iofulubie precipitate. 
""' luriaiic acid may be afcertained by nitrate of 
which afTords a fedintent, at firll white, bat 
which becomes coloured, by e.ipofure to the dheA light 
of the fun. Both thefe acids, however, may be prefent 
t once ; and in this cafe, it will be neccffary to add a 
ilution of nitrate of barytes, as long as any precipitate 
itli, which will fcparate the fulphuric acid. Lee the 
ntfabfidei decant the clear liquor; andadd.lhe 
of filver. If a precipitate appear, muriatic icid 



maybeinftrred to be prrfent airo. 
alio be detcfted by adding aruiulto 



Muriatic aciif miy 
lorfutphate of &]- 



Thefe acids (hauld have the fpecific gravity of I553. 

3. Muriatic Acid—J^idum Muriallcum, P. L. Spirit 

P/ Satr. 

Thii acid generall)' coniains imn, wliich may be 

known by its yellinw colour, ihe pure acid being per. , 

fcaiy colourlefs. It may alfo be deteflcd by the iatne 

made, as was recommcndei in examioing ful^>huncj 

Sulphuric acid is r]ircov«rab1e by a precipitation, on 

idding to ■ I'oriion oF th; acid, diluted with live or Hx 
parts of pure water, a folaiion of die mutiaie of ba- 
lyirs. 

Thefprcificgravity of this acid [houJd be 1170. 

4. Jetlie Acid — Acidum Acelaiiim, P. L. Radical pr 

cancinirauJ Vinegar. , 

This acid \% ofteri conuminated by fu'phurenui and 
foiphuric acid. The (irft may be known by drawing a 
little of ihc vapour into tfie lungs, when il the acid he 
pure, no onpleaf:int fcnfaiion wiU be felt ; but if fuU 
phureous acid be contained in the acetic, it will nt^t 
fail to b£ difcoHCKd An this mode. The fulphnric acid 
is deiefted by muriated baryies : Copper by fuiier-fatu- 
ration with puie amaio«ia : and lead by fulphuretof 



The fpeciiic gravity of this acid (bould be 



lea 
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J. ActtDsi Acid. — Jcttum Jhfiillaiunf. P. L. OiftHltd 

If vinegar be diftilled tn copper veJTeli, it can harJly 
fail being contamiaated by that metal ; and ifa leaden 



■mtnnh^uM, IbrincoBdetirvion, fbfDC portion 
will ccruinly be diflblsed. The former racial m 
p^ar, on adJing an cvcrfs of folution of pure i 
Ilia t ind !(«d w\\ be deleted bjr the fulp^uiacej i 
fDOtiin, or by water fa' nraicdwiih Iu1phurai«dhy(lrt;g 
It it not uiiurual, in nrdcr totncruarc iheBcid t>^ 
Tincpif , to add fulphune acid. This acid may be i 
■ncdutrl/ dirccvered, by fulutions of batytes, nhi 
vhen f ifenr has been lhu» adullctftted, ihrmv dgw 
white pretipicate. 

I. Bararic AdJ—^tdalive Ji// of Uemhtrg. 

horacic acid Oiould totally dlflblre in I 

•ei^hl of Itoiling slcohol ; and the fcilutii 

I iii<: Ihould emit a giccn Same. The i 

fcirscic acid form! fraall hcnangular fcaly cryltaU. O 

lliinbg (ilvcty white coloui. Us Ipecilic gravity ii 14J 

7. Torl^TiU! Jeid. 

This acid fficn ecntaitu fulphuric acid, m difcc 

which, let a poninn be difinlvcd 111 tvaier, and S 30 

lion of acetits uf lead be added. A'precipitate will t 

(car, which if ibe acid be pure, i; entirely re-dilToli 
y I few drops of pure niirie acid, or by a little p 
■Kite acid. If any portion remain undiHblved, ( 
phutic acid is the caule. Muriate o^baryies, alio, w) 
the acid ii adulieiaicd withfulphuiic acid, bai not o(hi 
wifCj givei a precipitate inbluble by an exce& ofn 
riitic acid. 

8, JdJrf jfmlir. 

Ac;d of amber is adulicrsted, fometimes with i 

i>l„in.- aciJ and its combinations ; fometimes with li 

,ij isdetcflcd by folotions of baryl* 

' liy carbonate of pot-aOi, which fozm 

u....^uM., ....ublu'iartriie ; and muriate ofanui^^y 



nitrate of" filver, wliiefi dircovefs the aciJ. and hy a 
folution of pure po[-a(h, which e!£^||t« a fliong fmtli v( 

Pore acid of amber is a crj-llaillne white fait; of au 
acid taft; ( TuloWe in iwenty-tour parii of cold aiid- 
eightofhat watur ; and is vo'atiliKed VtUsn biJ on Kil i 
hot iro-i, wi'tliout leaving inj i.lhti cf cttier itri.las. 

9. Aiid of Bii,:soi>,~Florts SinxMs, P. L. 

) adulteration: The 
nd a peculiarly graie- 
fui ("[iiell. It is (iiltib'e in a targe .quantity of bdling 
water or alcohol; and leaves no reliJue, when placed 
on a heaced iron. 

10. Carhnaii 0/ Pcl-ap.—KaU Prfparalum, P. L. 
The fait ot tariar of ilie (hops genTally contains ful- 

phaie and muriate ofpot-afh, and filitcoua and calcare- 
OBi ear^s. It Oinuld dilfulve eniirely, il'pure, in twice 
itj weight of cold water; and any thing, that remains 
undifTulved, may be regarded as an impurity. Some- 
tioies oiiE fourth ot I'^reign admixtures may tbus be de- 
leted, (he greater pirc of which is fulphale of pot-afh; 
To ascertain ihe nature of the a.ii.heration. diflblve a 
portion in pure and diiuied nitric acid. Tlie filiceoua 
earth only will remain uiidilLlved, Add, to one por- 
tion of the folution, nitrate of barytes. This will de- 
left fulphaie of pot-afh by a copious precipitate. To 
another portion add nitrate of filver, which will diito- 
ver muriatic falts; and to a third oxalate or HuAtc of 
amm.jni.. which will dcIeS calcareous earth. " 

The foluiion of carbamate of pot-afti [Aqua Kali, P. 
L,] may be examined in a fimilar manner. 

11. SBlatieaofpufePat^a/h—Jqiia.KaliPuri, P. I. 
This may be affayed for fulphuric and muriai 

by faiuration with nitric acid, and by i.V.t vt').'.- 
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leadctl . ' "Ttmtt ofpet-aHi. ApeMr 

I) fO' uld remain tunlparem, on 

ine«du. . r-. If « piecipiuie to'.i 

cntue. vk . . . -r.h effervcicence, in diiW 

mamiic add, ii U uwing to the prel'ence of caibonic 
■cidi iftlic precipitaic it not fcilubte, it iodicxietrul- 
pharic icid. A redundanc)' ff carbonic scid is, liiiii 
fiiFivn by an tffcrvelccncc oo adding ditaied fulphifit 
mcid ; and an extcfs of lima , by a wiiiie precipiiaie, on 
blowing air, from the lungs, through tiic folution, If 
mean) ut a lobicco pi| e, or a glafs lube. 

This felutioa <houIi) be of fuch a (trength, as thiE it 
tsaft wine pint may weigh iS oudc» troy. 

) z. Cerlsnali tf ScJn — Nnrien Preparatum, P. I. 
Carbonate of foda 19 fcaicely ever found free frOB 
muiiaic and fulphatc oi'(ad3. Tnefe may be dilirbveicd 
by adding, |i< a liiile of ihe carbonate fatoraied n-iili 
pure niiiic acid, firll nitraie of barytes, to deteA ful- 
phiiric acid ; and afterward nitrate <'f filver, toafccnairi 
the prcfence of muiiaiic acid. Carbonate of pol-«lhi 
will be (hown by a precipitate tnfuing, on the additiog> 
of tanarons a<id to a itrong folution of the alkali ; let 
ihii acid forms a difiiculcly Ajlubla fait with j^ot-afh. bul 
not with foda. 

y^. SbIuiioh of Carbon aU of Jmrnouio'—Aqaa 
jimmonia. P. L. 
Thislbould have the fpecific gravity cf i ijo; (houli 
elFervefce on the addition of acids ; and fliould afford « 
ftrungcoagulutn. On adding alcohol. 



Tbefaliflioald be eniirely volatilized by heat. If a .^ 
thing rtmain. when it ia laid on a healed iron, caibo-jj 

iilijiiiiiiiriUiiiiitMl 



- impurities are moft likely to Le prefent, if the caibo- 

; naie of atiunonia be purchafed in the form of a powder. 

: It thould ihereforc always be baught im litlid lumps. 

: Sulphuric and iniiriaiic falts, lime, ind iron, maybe 
dilcovered by adding to the alkali, laturaied with ni- 
tric acid, ibe appropiiaie lefts, already often men- 

. lioned. 

15. Solulhn of Pure AmmsHia in tf^alir — Aqua Ammii- 
B!^ Furm, P. L.—Stnng Spirit af Sal jimimniae. 
The volatile alkali, in its pureJl llaie.exiftias a ga;, ' 
condenfible by water ; and its Tolution in water is ihe 
only form under which it is applicable to ufeful purpotes. 
Thii folution (hoold coniain nnihiiig hefiJes the volaiile 
alkali; the alkali (liould be perfeflly free troui car- 
bonic acid ; and (hould be •cimbined with water, in ihe 
greaieft polTible proporlion. The prefenceoltiiheT falta 
may be difcovered, by Saturating a portion of the 
fetution with pure nitric acid, and adding the tefts for 
^Iphucic aiid muriatic acids, Caiboiiic acid is (hown 
by a precipitation, on mixing the lolution with one uf 1 
muriate of lime; for this earthy fait is not precipiiatcd 
by puresitimoiiia. The only mode of deici miring ihe 
Ilrength of thefolutfcn, li by taking iij fpecitie f^av'ivf , 
which at 60°, of Faht, Ihould be as ^cj, or ihcre- 
abouts, to 1000. 

r6. Spirit of HariJhirH.—Liquor fcUnUs Csriu Ctr-vi., 
P. L. 
Thi« may be counterfeited by mixing the aqua am- 
monia pota with thedjftilled fpirit of hartftiorn, iniir- 
der ir> incrcsfe the pungency of its foiell, and 10 enable 
it to bear an addition o? water. The fraud is iletefied by 
adding alcohol to theuiphilticaied fp'rit ; for if nocoti' 
fidsrable coagulation enfoes, the adulieration is proved. 
It may aLfe be difcoveitd by the ulual efieivefccncc not 
Q.2 




eitl'uing with iziii. Tbe fotatll 



This Tall ought not ig conMin nn Excrfs of cither aciJ 

.nr aikali, baih of whkh'may be deleted by ihe vege-l 
table infufians, pageiji, nor Oiould it bcmixed ' 
earthy ormetallic UUi; ihe totmerot which are detec-l 
led by caibonale, and the laller by pruffiaie of pot-i 
Muriaie of foda is difcuvered, by adding niiiale oi ba- ' 
ryiBs, lill ihe precipitate crafts ; and afierivar 
of filver, or (noic fimply by a folution of fuli'haic of fil- 
vcr. Sulphate of poi-afh is difcovered by its tnorefpa' 
ring fuiubilii}'. Thefulphaie of foda, however, bein] 
itfclf one of ihr cheapeft falis, there is little rift of it 
being inteniionally fophiAicaied. 



The purity' of thin fall may be afcertained by the fane 
mean!, ac that of the former one. The little vifue of 
this fait render! it preiiy fccure from wilful adultm-- 



Nitrate of pct-ath 15, with grsal difficulty, freed e 

tirely fipm muristeof foda ; and a rmall portion of th& 

kiter, except for nice cbeinical purpolct, is an admix- 

e of lii'Ie importatite. To difcuvt r murinle of to-, 

, a folution of nitrate of filver niult.be added as lonv 

itssTiy frdiincnt 1$ produced. The precipitate, walhcd 

d dried. Diuli be weighed. Every hundred graint 

II denote 42! of mutiaic of foda. 

c ot poi-alhor foda may be difcOTered by iii4 




: 
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10. Muriate if SeiJa — Comntvn Salt . 
Common Talt is fcarcciy ever found free from faha 
with earthy bafes. chiefly muriaies of magoefia and 
lirne, which are contained in the brine, and adhere to 
ihe cryllala. The earths may be precipitated by curbo- 
rateoffcda; and the precipitated lime and magnefia 
may be feparated from each other by the rules given, 
page 156. 

I Muriala, P. L. 

■ This fall OOght to be entirely volatilized by a lo* 
heal, when laiJ on n heated iron. It Ibniciimcs con- 
tains falphatcof ammonia, however, which, being al- 
fo ToJatile, cannot be thus detefted. To alccriaio the 
prefcEce of the latter fait, add tfie muriate or nitrate of 
.baryies, which will indicate the fulphaie, by a copious 
■ad infoloblcpiecipitate. 

' J J. jialils of Fot-afi, — Kali Jaiatam, P. L. 

Genuine aceilic of pot-afli t; pcrfe^Iy loluble in four 
limes ii$ weight of alcnhii), and is ihuj fcpsrable from 
other Call!, that are infolubJe in alcohol, Tli: tanriic 
of pot alh (foluble tartar) is the adulteration maft liltci/ 
10 be employed. This may be difcoveted by adding a. 
folution of tartarou) acid, which, if the futpefled lalt 
■ be prefe'nt will 'cccafion a ccpOuJ precipfiate. The 
, tartrite is alfo deleted by its forming a precipitate. 
with scelile-of lead nr muriate ciF barytes, \c\Me 
in acetic Of muriatic acid; and fulphaics, by a preci- 
pitate with the fame itgent;, infolublc in acids. 

23. Nctural Tarlrile of Pol-np. — Kali Tartarizatuvi 
P. L.—SaMli Tartar. 
This fait fliould afTord a very copious precipitate tn 
i aciJ. The only .fait likelY .to b« 



mixed with it, is fnlphate of foda, which tn^y be dstec* 
led by-a prectpiiaie with muriated baryccsi infolu- 

ble in diluted muriatic add. 

24. Jcijuhus Tarlriu of Fet-ajh—rartarum FurificA- 
i»m. — Criem ef Tartar. 
The only Aibflance, with wliich this fait is likely to 
be adulieraled, is Tulpbace or pot-alh. To determins 
wherhcr this beprefent, pour on abavic half an ounce of , 
the powdered cryflals, two or three ounce mearurcs of 1 
diltilled waier; (hake the mixture f^rcquendy ; asd let \ 
it Hand one or iwo hours. The fulpiiatdof pot-ath, be- ' 
ing more foiuble ihan the Lattiiie will be taken up ( aod 
may be known by the bitter taile of the folution, und by 
a precipiiBie, on adding mutiMe of batyte^, which will 
be infoluble in muriatic acid. 



•iii Taririit of Se/fa and Fot-ajh — NalfM 
■num. P. L.—RochilliorSeigiuilB't Salt. 
Sulphate of foda, the only fait, with which this may ] 
be expected to be aduheraicd, is difcuvered by adding IQ' 
a folution of Rochelle fait, the aceiiie of lead or mu> 
liate of baryies— Tlic former if the fulphate be pre- 
fent affords a preeipllate, infotuble inaceioua acid jand 
the later One infotuble in muriatic acid. 

16. Sulphate of HJlatnsfia —MagncRa FUrhhta. P. I. 
—Effom Salt. 

This fah is very likely to be adutieraied with fuU 
phateoffuda, or Glauber's fait, which may be made 
torefemble the m^gnefian fait in appearance, by ftirrin^ 
it briflcly at the moment it is about to cryHalize. The 
fi^ud may be difcovered, very readily, if the fait Cxi- 
ftftcuifely of the fulphate of fuda, becaule no precipi> 
' — '— -■" enfue on adding carborale ol pot-alb, Jf 
of the (alt be fuTphate of foda, deteflion is 
i but may ftill be ace omp lift) ed, for fincc 




lo p»rt3 of pure fulphaie of magnefia fiii-e beiween 30 

and 40 of ihe dry carbodare. when ctoijUteiy decom- 
pofed by carbooaie of puc-a(h ; if ibe lali under exami- 
nation affords a conlidershle lefs ptoporclon, its fophif- 
tication may be fairly inferred; Or, Co difcover the 
fulphale of foda, precipiiate all ilie magrefia by pure 
ammonia, wilh the aid of heat. Decant the clear li- 
quor from the precipilaie; liltre it ; and after evapo- 
ration codrynefs, appiy fuch aheat as will volaiiiizeihe 
fulphaie of ammonia, wlien that ol foda will remain 
fixed. 

Muriate ofmagnefia or of lime may be detefled, by 
(he fak becoming moift iv'ien cxpoled to the air ; and by 
a precipitation wiiIi nitrat-d filver, after nitrate nfba- 
ryccs ha; f-'parated all the folphuric acid and magneTia. 
Lime is difcovcrable by oxalic acid, 

77. Sulphali of Mumins.—Alhm. 

Perfeftly pure allinn (hould coniain neither iron ntir 

copi'er.. The former ismanifeifcd by sJding, to a fo- 

luiionof allum, pruQiate of put-afh i and the hitei' by 

an excefs of pure ammonia. 

z8. Borati of Soda.^-Sarax. 
Borate of foda, if adulterated at ai), will probably 
he fo, with allum or fufed muriate of foda. To difco- 
ver chefe, borax muH be dtlTolved in water, and its ex- 
cefc of alkali be fatucated wi.h niiric acid. Nitrate of 
barytei, added to the faturaled f Jution, will dctefl-ibe 
iiilphuric Talc, and nitrate of filvei the muriate of fods. 



If this fait (haul d contain copper, which is the only 

dcd liU a precipitation ceafes, will afFurd a blue liquor. 
Atiy copper that may chance to be prefetic, tCka,-] b«.(>^- 



P. L. 

i a bbAa»«e «r«lt tititc-j lo tliit par- 
U ptcparol, ii ma}' be cocklly nUtiUiud 



NurMMi XMifr. e. L.~-ktdBrKifilelt. 

TbW >» verr liable to aihtlieratian wiih mmiun Of 
replead. Trie it»iid miy be ""ifccrered by ctgHHngit 
in arctic acid, acd xd>Jia^ to ibe ib utJon ru'pbumci) 
water. c( ftilphaict of •irmcnia, which produce. wiiJi 
th(? compoan^t o'lead adirty daikeolnated prccipitaAb 
II fhould, illa. be totally vcUtiltzed by heai. 

36. WhUt OxyJ ef Mtrcarj —Cslx BjJrargjri Jlld, 

P. L.~~H'birt Prrafriale. 
White lead 11 the ato!k probabfe adnlteratloa ofiliii 
fuhttance, and chalk may, alfo, be occaGonalljr Biied 
with it. The oxyd of lead may be di/covered as in the 
laft article; and chalk, by adding to the dilute iblo- 
tiun, a little oxalic acid. 

37. Rt// Siitfhartitii Oryd of Mercury. — Hydrargyria 
Suifburatvi Rubir, P. L. — Feaimui Cinnabar. 

This fubflance is frequently adolieratd with redhead, 
which may be deieflcd by the forenoirg rules, — Chalk 
dud dragon's blood are alfo fometimes mixed wiih i: 
The chalk is dilcovered by an tfFervefcence on addin 
acetic acid, and by potiring dxhItc acid into i)ie ace 
tous fotution. -Dragoii's bicod will be left Unv-laiili 
zed, when the fulphuret ia expnfed 10 heatj and may be 
deiefted by i;* giving a colour to alcohol, when iba 
cinnabar it digcfted with it. 
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3 S . Black Sulphurated Oxyd of Mercury^^^Hydrargyrus 
cum Sulphur e, P, L^-^Ethiops Minerals 

The mercury and fulphur, in this preparation, (hould 
be fo intimately combined, that no globules of the me- 
tals can be difcovered by a magnifier ; and that, when 
rubbed on gold, no white flain may be communicated. 
The admixture of ivory black may be detedled, by its 
not being wholly volatilized by heat ; or by boiling 
with alkali to extraft the fulphur, and afterwards expo- 
iing the refiduum to heat, which ought entirely lo eva- 
porate. 

39. Tello^w Oxyd of Mercury. — Hydrargyrus Vitriolatus^ 

P. L,—Turhith Mineral 

This preparation" Ihould be whoHy evaporable ; and 
when digefted with diftilled water, the water ought rtot 
to take up anyfulphuric acid, which will be difcovered 
by muriate of barytes. 

40. Fufed "Nitrate of Silvcr-^jlrgentum Nitratum, 
P. L.'^^Lunar Caufic, 

The moft probable admixture, with this fubftance, 
is nitrate of copper, derived from the employment of an 
impure filver. In moderate proportion, this is of little 
importance. It may be afcertair.ed by folution in wa- 
ter, and adding an excefs of pui c ammonia, which will 
dete^ copper by a deep blue colour. 

41, White Oxyd of Zinc — Zincum Calcinaium, P, L. 

— Flo'wers of Zitic» 

Oxyd of zinc may be adulterated with chalk, which 
ift'difcoverable by an efFervefcence with acetous acid, 
and by the precipitation of this folution with oxalic acid. 
Lead is detedled by adding, to the acetous folution, fuU 
phurated water, or fulphuret of ammooia. Arfenic. 

R 



' til which rte aftivlty of thh medicine has been fOnK- 
-timrailcrihed, i& deieiied, alio, by fulphuraied-tviiter, 
aiaed to ihe acecoit; Itilutian, but in chis cale the prc' 
cipitaie hat a yellaw colour ; and when laid on ted h« 
ch.itc^al.gitffs titfi& tmeil ad (ulphur, ami afietwsiii 

42. H'hiti Orstlc/LfaJ.—Ctn'J'a, P. L. JnUeUal 
TWi is fpfqoently fophillicaied wiih chalk, ihe prt- 
frrrt of which may be lietefled by cold aceious acid, 
and by adding to this folulioii oxaljc acid, Carbon»le 
o( harvce; 'a deteiied %y liilph^te of foda added to riw 
fame Ibliition, very Inrgely diluted tviih diAitled w»m; 
and lulphaie a( barytcs or fulpiiatc of lead, by ibe in- 
falubility ol ihe cciunb in dilililcd vinegar. 

4j. Aulilt ef Liail.—Ceri'Ja Atttala, P. L.-^Sugar 
cf Lead. 
If thcaceiite of lead (houlJ be ailulterated wiili see- 
the of lime IT of barytci, ihe former may be detefled 
by addi^ig tp a dilute folutbn, ihe oxalic acid ; and tfie 
Idiier by fulphutic acid, or folution o^lulpha(e of I'odi, 
added CO u folution very largely diluted wlih wan-.-- 
Acelite of lead ought to diflblve entirely in water ; and 
any thing that refills foluiion m^y be regarded as an iis- 
puriiy. 

-4+. Grten Oxyd tf Copper — Virdtgrii. 
soxydis fearcely cvfr found pure, being mixed 
' with pieee! of copper, grape ftalks, and other imou- 
,. ritiCJ. The amount ot this admixlure of infeloble fub- 
jF'flances may be afcertaincd, by boiling a portion of 
►tiegns, with is or 14 "imes iib weight of dlftill 
jBu*; allowing the undilTolved part to fettle ; and afcd- 
" " ' ' *ghi. Sulphate of coppermay be dcicQed, 
: verdegris with water, and evaporativg 
km. CrylUIs ofaceiite of copper will ' ■*"■■- 



rat* ; and when the foiutLm "hai btpn Fuithef concen- 
trated, the fulpliate of cnpper will cryHsllise. Of it 
may be difcivered, by adJiog, to the wntty fciliirioii, 
muriaie of barytes, woich wiii ihtow down a very ihun- 
daiit precipitate. TtMriie of copper, ano;l:er aJulii;.. 
ration Ibmctimea met with, it diicovered by din'oiving 
B little of the verdcgris in acetoni acid, and adding 
acetite or muriate of barytei, which will afford with 
the tartaroua acid a precipitate, Iblable in muTratic 

45 . Cryftailixed Acititt rf Copper .—Difillkd or Cryjla- 
Iiz£d Virdtgrh. 
This 15 prepared by difTolving the common verdegris 
in dittilled vinegar, and cryftallizing the foJution. 
Thcfe cryftals fhauld dlflblve entirely in lix limes their 
weight of boiling water; and the fuluiion ihould give 
no precipitation with folutions ofb,iryiesi furifihcis 
ftilntiorB throw down a preeipilaie, f*lphate of cupper 
is indicatfd. This impurity, which I Lave frequently 
met with, may be difcovered, by evaporaiing the fvlu- 
lion very low artd feparating the cryltals of acetiie i>t' 
copper. Further evaporation and couling will fryltal- 
lize the fulphace, if any be prefcu;. 

46. Carhnali of Magnefta— Magnijia Mba, P. I. 
Caibonate of magnefia is moll liable to adulteraiioii 
with chalk ; and as lime form* with fulphutic acid a ve- - 
ry infoiuble fait, and raagnciia one very readily difful- 
ved, this acid may be employed in deiei^ing the Fraud. 
To a fufpeded portion of magncfia, add a liitle fulphu- ■ 
ric acid, diluted with S or to limei its weight of water.' 
1 f the magnerra ihould entirely be taken up, and the fo- 
lutioa (hoold remain tranfparent, it may be pronounced 
pore ; bgc not otherwifi*. Anoiher mode of difcovering 
the deception i.i as follows. Saijrate a portion of the 
fufpclied miignefia with muriaiic aciJ ; and arid a folii- 
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lioa of t>r'(Maalc of amBiOnis- II say liBtc be prelev:, 
it wtit fam u infotubie ptecipiuir, boC the magnetia 
frill rensin in fulntion. 

47. Pun M^s^/u.—M^g-r/.^ VjU. P. L.—C^:U-d 
Malta fia. 
Cilcintd magoefii mvj be alTayed bjr [he fame teds 
U the cuboiiAte. It uughi nut to eServefce at all with 
dilnit lulphuric iciil ; and if the Caith and acid be put 
together into one I'cale of a balance, no diminuiioa of 
weight [h'3old«n(ue on mixing [hem together. It {bculil 
be petfo&ly ftee troin taDe, and when digctted wilh 
dinilled wairr, the filtered liquor {hould cnanifell no 
property oHime water. Calcined niBgoelia, however, 
as very feldom Co pure as to be totally dilfiilved by diluted 
fulphuric Bcul; lor a fmall JDroIoble lefidue generally 
rediiinj, tarfiftir.g chiefly 01 filkeous earth, derived 
from ihc nllcali. The iblotion in fulphuric asid, when 
largely diluted, ought not tu alFotd any precipiiatioD 
wiih oxalate ofammoDiB. 

48- ^mttfWine; Alcohol; and Others. 
Theonly deeifive modeof afceriaining the puriiy of 
fpUil of wine and ol ethers, is by determining their 
fpecific grivity. HighK itfiified alcohul (houtd hav( 
the fpeciiic gravity ol 829 u loao, C*jnimon fpirit of 
wine 837. Sulphuric eihtr 739.^ The fpintus Etheni, 
viiriolicus. P. L, or fwteC fpirit of viiriol, about 75; 
— ind nittic ether, the fpirilus etheris nitrofuf, or 
fweei fpirit of nitre, 908, The ethers ought not to red- 
den t^ie colour of liimu; ; nor oughi [hofe, fomeij' 
from fulphuric acid, to give any precipitation with ib- 
luiions of baryies. 

49. Effmial or ^4^t''lt 0-U. 
As cITcntial oils conftttuie only a very fmalt propor- 
af the \e£ct(iblei. Item whicli they are obtaincdt 
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and -bear generally a very high price, there is a confi- 
derable temptation to aduherare them. They are found 
fophiflicated, either with cheaper volatile oils, with fix* 
ed oils, or with fpirit of wine. The fixed oils are dif* 
covered, by diftillation with a very gentle heat, which 
elevates the efTential oils, and leaves the fixed ones. 
Thefe lad may, alfo, be detected by moiilening a little 
writing paper with the fufpeded ojl, and holding it be- 
fore the fire. If the oil be entirely efTential, no ftain 
will remain on the paper. Alcohol, alfo, detefts the 
fixed oils, becaufe it only difiTolves the efTential ones ; 
and the mixture becomes milky. The prefence of 
cheaper efTential oils is difcovered by the fmell.' Alco- 
hol, a cheaper liquid than fome of the mofl coftly oils, 
is difcovered by adding water, which, if alcohol be pre- 
fent, occafions a milkinefs. 

r 

SECTION III. 

U/e of Chemical Re-agents to certain Artijis and Manufac- 
turers, 

To point out all the beneficial applications of chemi- 
cal fubflances to the purpoiesof the arts, would require 
adiftinft and very exienfive treatife. In this place, I 
have no further view than to defcribe the mode of de- 
tecting adulterations in certain articles of commerce, 
the ftrength and purity of which are efTential to the 
fuccefs of chemical procefTes. 

I.. Mode of deteSling the Adulteration of l^ot- apes ^ Pearl- 

ajhesy and Batilla. 

Few objefts of commerce are" fophifticated to a great- 
er extent ihao the alkalis, to the great lofs ard injury 
of the bleacher, the dyer, the glafs-mnker, the foap- 
boiler, and of all othdr anifls who are in the habit of 
employing tbefe fubflances. In the fiVfl part of this 

R2 



work {kt pige 5;) I h»vt already given rulcc tot dit- 
obtering hrcn B/ulieraiioai ; and to what has been (tiil, 
1 apfiKhiead it is only aeeeffary 10 add ilie ditctlioni c(' 
Mt. Kiinia, inierxied to effefltUc fame end, butdit- 
lering ia the ino<^e.. Tbey are ccanfciibed Irom liu 
jl^ptCj ertiiled ■' Experiments on the Alkaline Sub- 

I lldMc! ufcd in Blesching;" — fee Tcanfafllons of (hs 

I JiiSt Andciny iot tjitf, 

" To dilcover whether any qiianiiiy of fixed alkali 
wMta aitctilion exiftt in any laiinc compound, difTslve 
oce ounce of it in boiling water, and into this foluiion 
let ia.\\ a drop of a folution of ftibliniBle cortcfive; itill 
will be ccinvetted into a brick cciour, if an alkali be 
pnlent, 01 into a brick colour mixed with yellow, if the 
IbbSance tried coaiaios lime. 

" Bni the fubilances Died by bleachers being alivayi 
impregnated with an alkali, liic above tiial is in gene- 
Mi foperfluous, except iv the purpofe of deiefting lime. 
Tbequinliiy of alkali is therefore what lliey Ibould 
cliicfly be lolicilous to determine, ar.d for this pur- 
p.ifc: 

. " ifl, Procorcj quantity of allura.foppofe one pound, 
leouce it in pi.wdct, walh it wiih cold water, and thes 
put it ino a tea-pot, pouring on it three or foar timH 
iij weight of boiling water. 

" .dly. Weigh an ounce of the afh or alkaline fob- 
flince to be tried, powder it, and put it into a Florence 
daft with ore pnuodof pure water (common water boil- 
ed for a quarter t>f an hour, and afterwards filtered 
lliioagh paper, will snfwer) if the fubHance to be ex- 
nmincd be of the nature of baillla, or pot-aih ; or 
half B pound of water if itconialn but Utile earthy inat- 
■ rer, ai pearl-afh ; let ihem boil for a quarter of an 
hoar: when cool let the folution be filtered into anoiher 
^Koteijceflaik. ^ • 

''jdly. Thii being done, gradually pour the fola- 
' *l(«tn hot into the alkil'oe fo lution alfo Jicated ; 
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pound or more of hot water gradually, 
until it paJTestailelefs ; take up the filler, and let ihe 
carlh dry on it until they feparate eSfily. Thtn put the 
earth into a cup of StafFordfliire wa'e, place it on hot 
fand, and dry the earth until it ceafes to ftick to glafs 
or iron ; then pound it, and reduce it to powder in the 
,-cup with a glais pellle, and.lteep it a quarter of an hour 
in a heat of from 4.70° to 500°. • 

" 4lhly. The enrth being thu? dried, threw it into 
a Florence fl.ifk, and weigh it ; then put about one 
ounce of fpirit of fait into another (lafk, and place ihi^ 
in the fame ka^a as the earth, and counter-balance 
both in the oppnfite feale : thiibeing done, pour the fpi- 
rit of fait graduall)' into the flaUt that contains the earth ; 
and when all etFervefcence is over (if there be any) 
blow into lie flaJk. and obferve what weight mull 
be added to the fcale containing the flalks, to re- 
liore the eqiTilibrium; fubtraft this weight from that 
of the earth, the remiinder is a weight emQ,]-/ pre- 
fnriiomd to the weight of mere alkali of that parti- 
cular fpecies which is contained in one ounce of the fub- 
lUnce examined ; all befide \h fupeTduDus matter. 

" I have faid that alkalies of ihc/amefptdii may thu* 
be direflly compared, becaufe alkulies of diffcrtnt fpe- 
cies cannot but require the intervention of another 
proportion; and the reafon is, bee a ufe'efuc/ quantities 
of alkalies of dilFerenl fpecies prcci|ii[aie unequal quatl- 
lities of earth of allum. Thus 100 parts by weight of 
mere ijcgciahh alkali, precipitate ^Sof earth of flilum ) , 
but 100 p.irts of vuitsTsl alkali precipitate 170,8 parts 



f of that carih. Therefore ihe precipitation of 78 pani 
if earth of alluni by vegetable alkal', denotes as mucli 
if thii as the precipiiaDon d( 170,8 of that eanh by the 
nineral alkali denoles of the mineral alkali. Henu 
the quantities of alltuH in all the different (pecies 1 
poi-aihes, pearl-allies, weed, or wo^id-afties, tniy be iir 
mediately compared wiih the above lett, as tliey 11 
contain the vegetable alkali ; and the different kind) 
of kelp or kelps man 11 fa An red in different places, and 
the different furts of barilla, may thus be compar 
^ beciuf; tiiey dl contain the mineiitl alkali. Bai kelps 
anri pot-aftlcs, as they contain diffitreni foits of alkali, 
can only be cumpared logeiher by meana of the pto- 
p^jriion abuve indicated." 

z. MaA of ilettfiiitg ifie Adulicralian cf Manganeft. 
In the Seftion on drugs, Inftrufiioni raaj- be found 
for difcoveiing impurities in feveral chemical prepara- 
tions, eoipluyed by the ai[ilt, as cerufle or white lead; 
red lead; verdegris, &c. No rules, hawever, have 
been givrn for examining manganete, which is a fub- 
ftance that varies much in quality, and is often fophif- 
ticaced ; as ihe bleachers experience, to their no fmalL 
difappointment and lofs. 

The principal defeft of manganefe arifes from (he ad- 
mixture of chalk, which is not always an inteniionil 
adulteration ; but m fomeiimcs found united with it, ai 
it occurs IB the earth. When tn this impure manga- 
nefe, mixed with muriate of foda (Tee page 78), (he 
folphuric acid is added, ihe materials effervel'ce and 
fwell confiderably i and a large proportion paffes into' 
the receiver, in confequence of wFiich the bleaching li- 
quor is totally fpoiled. This misfortune has, to my 

\ Knowledge, frequently happened ; aid can only be pre- \ 
'.VCBUd br fu fl>'W and cauiinus an addition of the acid, ai 

^ ^iwti ^v incfinfifteni with the bufinefs of an extenfive" 
^£ work. The p refence of carbonate of lime 
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may be difcovered in manganefe, by pouring, on a por- 
tion of this fubdance, nitric acid diluted with 8 or ten 
parts of water. If the manganefe be good, no efFer- 
vefccnce will enfue ; nor will the acid diflblve any thing ; 
but if carbonate of Jinie be prefent, it will be taken up 
by the acid. To the folution, add a fufiiclent quantity 
of carbonate of pot-a(h to precipitate the lime ; wafh 
the fediment with water ; and dry it. Its weight will 
Ihow, how much chalk the manganefe under examina- 
tion contained. 

Another adulteration of manganefe, that may, per- 
haps, be fometimes praflifed, is the addition of fome 
ores of iron. This impurity is lefs eafily difcovered. 
fiut if the iron be in fuch a ftate of oxydation as to be 
(bluble in muriatic acid, the following procefs may dif- 
cover it. Diflblve a portion, with the affiftance of heat, 
in concentrated muriatic acid; dilute the folution large- 
ly with didilled water ; and add a folution of cryftalli- 
zed carbonate of pot-a(h. The manganefe will remain 
fufpended by the excefs of carbonic acid, on mixing the 
two folutions ; but the iron will be precipitated in the 
ftate of a coloured oxyd. • 



SECTION IV. 

^plicatipn of Chemical Tefis to the TJfes of the Farmer 

and Country Gentleman, 

The benefits that might be derived, from the union 
of chemical (kill with extenfive obfervation of agricul- 
tural fads, are, perhaps, incalculable/ At prefent, 
bowever, the ftate of knowledge, among farmersj is 
not fuch, as to enable them to reap much advantage 
from chemical experiments : and the chemift has, him* 
felf, fcarcely ever opportunities of applying his know- 
ledge to pradtical purpofes, in this way. It m^y, per- 
haps, however, be of ufe to offer a few brief direftiohs 



tor i\w MilTri* crf^Mria. lltw-AMf ».-&c; an^, <m HA* 
enflOoo, I (hall owe much or my inLirmaoon, a» in 
variMi oibu put* of thi» wdtIci to Uie nrtitingi of Mr. 
Ktrwui, whore pamplilct 0« phibJbfihii'al agricultuK, 
1 itoagiy recommoid iogrner>rpe:ui'si.* 

It is impof!ib1e to lay down any general rulti re- 
fpefting the fiind's of lime for the purpofes of agticul- 
lure, becauCe much muft depend on the peculiarities of 
foil, expofure, and other Citcumfta:iCES. Henccafpe^. 
ciet of lime may be exuemely well adapted for one' 
kind of land, ard not for another. Al! that can be . 
accompMIhed by chemical. means, is to afcertaJn thcde- 
gree of purily of the lime, and to infer, from lhi*j to 
what kind of foil it U beft adajiied, Thus a lime, 
which eonialo) muehargillaceoki! earth, is better atiapt- 
ed. than a purer one, to dry and gravelly foils; and 
ItJIf clayey lands reijuire a ]ime as free as pcflible from 
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To determine the purity of lime 
bedilTolved in diluted muriatic aci 
cefi of acid be added, that no poition may remain un* 
diiTolved, owing lo the deficiency of ihe folveni. Di- 
lute with dilltllcd waier, let the infoIoMe part, if any, 
fubfidej and the clear liquor bt decanted. Wafh the'- 
fedimencwith (urthcr portions of water ; and pour itnp- 
on a filter previoufly weighed. Dry ihe filler, and af- 
certain its inctfafe of weight, which will indicate how 
Diach infoluble matter, the tjuantity ol lime, fubmi 
to experimrnt, coiilained. It is eafy to judge, by ih<i 
external qualities of the infoluble poition, whether ar-' 
gillaceous earth aboundi in its couipolition. 



natled 


< The Manu 


nd thf Cioifes o? ilietr hcneAcid 






t_»cb par 


ticular 1=(U 


a«i iy R.Ki™.iri, Efq~Un3 



203 

There is one earth, however, lately found in feveral 
lime-llones, which is highly injurious to the vegetation 
of plants, and is not difcoverable by the foregoing pro- 
cefs, being, equally with lime, foluble in muriatic a- 
cid. This earth, is magnefia, which, by direft ex- 
periments, has been afcertained to be extremely noxious 
to plants. Mr. Tennant, the gentleman lo whim we 
owe this fadl, was informed, that in the neighbourhood 
of Doncafter, two kinds of lime were employed, one 
of which, it was neceffary to ufe fparingly, and tofpread 
very evenly ; for it was l^ud that a lar^c proportion, in- 
ilead of increafing, diminiihed the fertility of the foil, 
and that whenever a heap of it was*left in one fpot» all 
fertility was prevemed for mnny yeas. Fifty or fixty 
bu(hels, on an acre, were confidered to be as much as 
could be ufed wiih advantage. The. other fort of lime, 
which was obtained from a village near Ferrybridge, 
though confiderably dearer, from the diltant carriage, 
was more frequently employed on account of its fuperi- 
or utility. A large quantity was never found to be in- 
jurious; and the ipots, which were covered with it,in- 
ftead of being rendered barrep, became remarkably 
fertile. On examining the compofiiion of thefe two 
fpecies of lime, the fertilizing one proved to tonfift en- 
tirely of calcareous earth ; and the noxious one of three 
parts lime and two magnefia. 

The prefence of magnefia in lime proved, on further 
invefligation, to be a very common occurrence. The 
magneiian lime-ftone appears to extend for 30 or 40 
ihiles, froili a little fouth-weft of Wcrkfop, in Notting- 
hamfhire, to near Ferrybridge in Yorkihire ; and it 
has alfo been fuund at Breedon and Matlock in Derby- 
ihire. 

The magnefian lime-ftone, according to Mr. Ten- 
nant, may eafily be diflinguiihed, from that which is 
purely calcareous, by the (]ownefs of its folution in acids, 
which is fo confidcrable, that even the foftefl kind of 
the former is much longer in difiblving than marble^ 



femetimei, though not slwnys, fmaU black dois miy 
be feo dilpcrftd tlirongh it. In the countries, whert 
Ihit lime-llAne it round, ibe time i» generally i 
gnilhed. frum ittefTedi in agriculture, bv the (armcri, 
»» hat lime, in cppolhiatt to the purely calcareoiis, 
which they tcim mU. 

Toafteitain. h)r chemiwl me 
k lime or limC'Il-ine, farpecled i 
following ti llie earicil, ihtntgh 
pocefs. Procure a Florence fl:,ll( ; cleao it well from 
oil by a liillc iaiy '=«. «' ^'t "I tsrl*r and quicklime 
mixed j and break it nff, abi iit ihe middle of ilie body, 
by (citing fire ro a firing lied ruuiid it, and tnoiftcneil 
with oil of turpentine, Into the boilDm part 01 thi) 
fl»lk put loo grains of the li " ' 

on it, by degrees, half an 
. acid. On each affufian of . 
will enfup ; when liiis ccafes, Bir tli 
gciHer with a fmull glafs lube or 
fl.-inc in an iron pan filled with fand. 
fire, and continue (he beat till the niafs is quit 
Scrape otF the dry maf^i weigh it ; arid put it 
wine gUls, which may be filled op with water, 
the mixture, and when it has flood half an hour j pout 
a filtering pa|'er, placeiV on a fuffnel, and 
ighed, Wafb the Infcluble part with wa- 
ter. as it Jies on the filter ; and ndJ the waibingt to thj 
fiilered liquor. To itii; li<iuor ad J a (olution or half ai 
ounce of lait of tartar in water; when, if magnei 

firetcnt, a very copious while fedimcrt will cnfui 
Ime only, merely a flight milkincfs. In the iottaSt 
cafe, heat the liqui'r. by feiting U in a tea-cup 
the fire ; let the ftdiment fubfide; poor off the clear II 
quor, which may be thrown away j and wafh the whil 
powd.-r Tepe^^cdly with warm water. Then pourii on 
filter of paper, the weight of which is known ; dry ii 
and w^gh. The refuli, If the lime-ltone has been fub 
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initieJ to experioient, Ihcvva how mucli carbonaie of 

magnelia was contained in the original flone ; or de- 
duding 60 per cenr. how much pure magncfta 100 ( 
pans of ihc lime Itone contained, If the biirnl lime 
nas been ufed, drduft from ihc weight of (he precipi- 
pilate 60 per ceni ; and itie remainder will give ihe 
weight of the mngnefiain each 100 grains of tbebornc 

1. Ji.,alyj;> of Marh. 

The ingredient of marls, on which their fitnefs for 
agrieuhoral purpofea depends, is the carbonate of lime. 
It is owing to the prefeiice of this earth, that marls ef- 
feivefce "n the addition oi acids, which is one of their 
diftinguilhing charaflers. In afccrtaining whether an 
■ rfFerirefcence takes place, lei thtmarLbe put into aglaf» 
L partly filled with water, which will expel a portion 
of air contained mechanically in the marl : and thus ob- • 
»iate one fource of fallacy. When the marl is thorough- 
ly penetrated by the water, add a little muriaiii. acid 
cr fpirit of fait. If a difcharge of air (hould enfue, the 
marly nature of the eanh is fufficienily eftabliflied. 

To find the compofition of a marl, pour a few ounces 
of diluted muriatic acid into a Florence flaCc ; p'ace 
them in a fcale ; and let then} be balanced. Then re- 
duce a few ounces of dry marl into powder ; and let 
tills pow.Ier be carefully and gradually thrown into the 
fl.ilk, until after repeated additions, no further effcrvef- 
cenee is perceived. Let the remainder of the powder- ' 
ed marl be weighed; by which the quantity projcfted 
will be known. Let the balance be then reflored The 1 
difTerence of weight, between the quantity projefted, 
snd that requifite to reftore the balance, will Ihow the 
weight of air loil during eftervefcence. If the lofi 1 
amount to 13 per cent, of the quantity 0/ marl projec- 
ted, or from I j to 32 per c<nt. the marl affayed is cal- 
cajeam loarl, or marl rich in calcareous earth. 
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Clayey marls, or thofe in which the argijlaceoos in- 
prcilicnt prevails, lofc only 8 or lo per cent, of their 
weight by thib treatment ; and fandy- marls about the 
fame prupcrtion. The prtience of much argillaceous 
earth may be judged, by drying the marl,, after being 
wa'.hed with fpirit of fait, when it will harden and form 
a brick. 

To dcJcrmine, with ftill greater prccifion, the quan- 
tity of calcareous earih in a marl, let the folution in mu- 
riaiic acid be filtered and mixed with a folution of car- 
boi ate of pot-a(h, till no further precipitation appears. 
Let the fedimentfubiide ; wafh it well with water; lay 
it en a filter, previcufly weighed ; and dry^ it. The 
weight of the dry mafs will (how how much carbonate 
of lime the quantity of marl, fubmitted to experiment, 
contained. 

3. Jnalyjis of Soils, 

The following rules for determining the compojQtion 
rf a foil, are copied from the interefting tradl of Mr. 
Kirwan already referred to. 

** fn-Jiy In dry weather when the foil is not over moid 
nor dry, let a furface of 16 iquare inches be cut through 
to the depth of 8 inches; thi: may be efi^edled by a right 
angle fpade, formed for this particvilar purpofe. Of 
the parallclopiped thus dug up, the two inches next the 
furface Qiould be cut off to get rid of the grafs, and the 
greater part of the roots ; we (hall then have a folid 6 
inches long, and 16 fquareat the end=96 cubic inches. 
Let this be weighed* ; its weight will lerve to find the 
fpecific gravity of the foil ; for if 96 cubic inches weigh 
n pounds, 1728 (a cubic foot) (hould weigh x pounds, 
and X divided by 75,954 will exprefs by the quotient 

* Troy weights arc generally more exactly made than avoirdu- 
pois, and therefore ihould be preferred. A cubic foot of pure water 
weighs 75,954 troy, very neavly, or 62,5 avoirdupois pounds, at 
the temperature 62^. 
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the fpecific gravity of the foil. To render rhis and the 
fubfequent operations more intelligible, t fhall illuf- 
trate each by an example : Suppofe the 96 cubic inches 
to weigh 6,66 pounds then 1728 cubic inches Qiould 
weigh 

120 
120 lb. and — =i>579. 

75>954 

'* zd. The earth being weighed, is next to be bro- 
ken down, and freed from all Honey fubflances above 
the fize of a pippin> and the remainder well mixed to- 
gether, to render the whole as homogeneous as poflible ; 
then weigh the ftones that were picked out, and 6nd the 
proportion belonging to each pound of the refidu^ry 
earth ; call this the ftoney fupplement , and denote it by S» 
Thus if the ftones weigh i lb. = 1 2 oz. the remainder, or 
mere earth, muft weigh 5,661b. and if to 5,661b. there 
belong 12 oz. of ftone, to ilb. muft belong 2. 120140Z. 
or 2 OZ. 57,66 grs. = ioi7,66 grs. This then is the 
floney fupplement of each fucceeding pound = S. 

'* 3^. Of the earth thus fr^d from ftoney matter, 
take lib.— 5. (that is in the above cafe lib. — z oz. 57y 
grs.) heat it nearly to rednefs in a flat veflel, often llir- 
ring it for half an hour, and weigh it again when cold. 
Its lofs of weight will indicate the quantity of water con- 
taiiied in lib. of the foil. Note this lofs, and call it 
the nxiatery fupplement=^W, Suppofe it in this cafe 1 00 
grains. 

" iifth. Take another pound of the above mafs freed 
from ftones, deducing the ftoney and wattry fupple- 
xnents; that is, lib. — S — W, or in the above cafe ilb. 
—•2 oz. 57^ grs. f)r ftone, and— 100 ^rs. for wa- 
ter; confequently ilb. — 2 oz. 157I grs. Reduce it to 
powder: boil it in four times its weight of diftilled 
water f)r half an hour; when cool, pour it ofF, firft into 
a coarfe linen filter to catch the fibrous particles of roots, 
and then through paper, to catch the finer clayed par- 
ticles difFufed through it : fet by the clear water, add 
what remains oa the filler to the boiled taa.(<i\ \^n5v^^ 



THE (rt« UrtaUfa aS tTtitimiim apftit to k b* 
«tf (tnniligr t{>pmutcd^ Macli injorr hn liowivti lemtJ t» 
~'u C"niTS unity, bf HiifGlioneri aofertuoaicly inducint i ifurm 
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K.'in lilefid frm tslurt ii ad^d, wiikh rivit a ym ucuU 
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